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PREFACE

This document is the final tecnical report for --he Software Quality
Measurement Demonstration prcje, - co't',iCt F306O0 '-3' C-0132. Contra~ft
work was performed by Science .pplications Tnte,-naticnal C:orooration for
the Rome Air Development CO r-,r provuid . r ovle alt- of software
quality measurement giiidel1In s.

The guidelines weic proposed i., .C->'2E ~ -~

Qf Sof tware Qua tv Att t:but-czL :'ce _:e: AP7-7paceCuxr
under contrac tfT'56O"2O82-CY§)tU7.- The DOuLlose ot the gu2debook wa. ic
develop a methodology t'- pf-b .. oftware acquisition mana'ier :c
determine and specify S fL-war- *TiL-~y ~~f'.~e~n

The final technical rt><t consists". cf six stinr --ceded by-
'-xecutive summnary:

* The Executive ura:v: o;lvIoverv,,e.:, of the prJe
and the f'.na- 0eL~ rct

" Section 1 describas '-he document's ourprse. rsaves ai-
overview of the methodology usel --n the crntrac:. of th,
project under analysis.

" Section 2 is an assessment of tl-e. imeasured rp.ality of t~ne
software projects under examinatIon.

" Section 3 includes detailed analysis and methodolojv
evaluatirn results. -7'esp irl':le 'he ev.alJuati on of tr.ainee
classes, quality 9ca. .necificat.~or. E-rx! the application of
metric worksheets.

" Sect- o)n KI con _ains recorm'endati ,:'.s and conc1,_r icns I",w~b-
SAIC based on analysis results.

" Section 5 lists all documentation referenced in this report.

" Section 6 lists all acronyms used in this report. ___________
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WIECUIVE SUMMY

Contract Purpose

This project was conducted by Science Applications International
Corporation for the Rome Air Development Center. The purpose of the
project was to assess the feasibility and utility of transferring
software measurement technology to the acquisition environment using
software quality measurement guidebooks.

The guidebooks were written as a set of directions for the acquisition
manager. They describe how the manager is to specify software quality
goals, how he is to assess compliance based on evaluation reports, and
how the evaluation reports are to be created. The reports are generally
generated by independent verification and validation personnel, cr by
the developer, based on the evaluation of worksheets. The workshe-ts
contain questions relating to each phase of the software development
process and are applied to documents or to code.

The methodology chosen to accomplish this task was to try it out on t-,:.
test software projects across all phases of development (requireement's,
preliminary design, detailed design, and coding). This included
specifying software quality goals and evaluating documents and code
written for each of the above phases.

Technical Approach

The approach taken for this project was to follow the guidebook
procedures as closely as possible, while keeping detailed records on
labor effort, quality evaluation results, and on any problems with the
methodology recommended in the guidebooks. In addition, software
problem reports were written against the documentation and code whenever :..
metric violations were uncovered. This allowed SAIC to examine each
part of the guidebook by actually performing each of the steps and
procedures described.

Results of Software Quality Measurement Methodology Evaluation

As a result of this process, SAIC was able to gather data concerning the
labor effort required to perform the software quality measurement •
process as described in the guidebooks. In addition, a full quality
assessment was performed on each of the two software test projects under
examination. Also gathered were data concerning the difficulty of
implementing and using the steps and procedures described in the
guidebook, and comments on the validity of the metric framework itself.

Conclusions

SAIC has identified both strengths and weaknesses in the software
quality measurement methodology process.

4
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The strengths of the guidebooks include:

" The metric framework itself is sound and reasonable. The quality-
scores determined for the test projects using this framework
corresponded to the quality as assessed subjectively by project
personnel.

" The guidebook methodology is divided into two volumes (one for
quality specification by the acquisition manager, and one for
quality evaluation by the developer or independent verification
and validation personnel). This presentation is logical and
helpful.

" Specific steps and procedures are included in the guidebook, and
these are very helpful in understanding the entire measurement
process. Some examples are given which are also helpful.

" A proposed Data Item Description that would allow reporting of
quality evaluation results to the acquisition manager or System
Program Office is useful.

In contrast, some weaknesses were also identified. These include:

* The guidebook presentation mixes theory, justification, examples,
and procedures to be followed. This is often confusing.

• Information presented to allow the acquisition manager to
understand the metric framework and quality specification is
sketchy and confusing.

" Guidance supplied in specifying quality goals includes a weighting
technique that will make quality assessment results each unique,
and therefore not comparable across projects or applications.

" Metric element questions, used for evaluating document and
software quality, are sometimes very ambiguous and confusing in
themselves.

" No methodology was suggested to support the collection of the data
used to answer metric element questions. 0

* No detailed guidance was supplied to support evaluators when .

problems or questions arise during metric worksheet scoring.

Recomended Chanqes

Based on following the steps and procedures contained in the software

quality measurement guidebooks, SAIC has recommended some changes be
incorporated into the guidebooks themselves. These changes include:
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" Add more examples to the guidebooks, but separate them from the
steps and procedures shown.

* Continue research so that the relationship between actual system
quality and the predicted/measured system quality may be
validated.

* Provide training material and/or classes for acquisition and
evaluation personnel to help standardize the software quality
measurement methodology, and -o increase its acceptance and use in
the Department of Defense as a t :hole.

" Provide more information to the acquisition manager concerning the
relationships and structure of the metric framework, and descLibe
how he might select subszts of this data to most effectively
ensure that a quality system is developed, even if costs are
restricted.

• Establish procedures for the handling of metric violations so that
the information gathered from the evaluation process is most
effectively used.

" Create workbooks to support the gathering of data needed for
metric evaluation in as efficient and effective way as possible.

* Provide answer sheets for metric evaluation questions that are
repeated for each unit in the system.

" Create glossaries, examples, and procedures for the use of the
metric evaluators to ensure that the questions are interpreted and
answered correctly.

More general recommendations are:

" In conjunction with the publication of Department of Defense
pamphlets AFSCP 800-43, Air Force Systems Command Software
Mana ement Indicators, and AFSCP -800-1i4,-Air Force Systems _Commn-a
Software Quality Indicators, the Air Forc-e Systems Command-shou.
sponsor theuse of the software quality measurement (SQM)
guidebooks on future system acquisitions.

" RADC should identify current on-going DOD acquisitions which are
using all or part of the SQM guidebooks and capture data on the
effectiveness of the guidebooks in these acquisitions.

" A research effort should be funded to make the changes recommended
above to the guidebooks.
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1.0 INTROCTIC

This document is the final technical report produced for the Software
Quality Measurement Demonstration project, performed for the Rome Air
Development Center (RADC) by Science Applications International
Corporation (SAIC). This section of the report describes its content
and organization. It also presents an overview of the purpose, goals,
and methodology used in the project.

1.1 Document Description

This report was produced for the Software Quality Measuremen-
Demonstration (SQMD) project, conducted under contract F30602-85-C- $i< .7
It contains a description of the project and includes analysis resi;'.ts
data collected, and recommendations made by SAIC.

The report is organized into the following sections:

" The Executive Sujmnary is a top-level overview of the :,:eject 5
and the final technical report.

" Section 1 describes the document's purpose and orqn--Pizatio...
It gives an overview of the methodology used on the contract
and of the projects under analysis.

" Section 2 is an assessment of the measured quality of the .4;

software projects under examination.

" Section 3 includes the methodology evaluation results. These

include the evaluation of trainee classes, quality goal
specification, and the application of metric worksheets.

" Section 4 lists the recommendations and conclusions drawn by

SAIC based on analysis results.

" Section 5 lists all documentation referenced in this report.

• Section 6 lists all acronyms used in this report. 0

1.2 Project Purpose

The intent of the SQMD project was to assess the feasibility and utility
of transferring software measurement technology to the acquisition
environment using software quality measurement guidebooks. These _

guidebooks consist of three volumes: Specification of Software Qualit
Attributes, Software Quality Specification Guidebok, and ware .

Quality Evaluation Guid

Under contract F30602-85-C-0132, SAIC conducted an investigation into
the application of software quality measurement (SQM) technology to two 1

1-1
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test projects, and evaluated the technology's utility as a quantitative
input to software quality assurance. To accomplish this, the following
tasks were required in the project statement of work:

" Develop a plan to implement this study based on the
methodology contained in the guidebooks.

" Conduct independent software quality evaluation and
validation to include goal specification, data collection,
worksheet scoring, assessment of time logs, and measurement % >
of goal achievement at review points.

" Evaluate the metric framework and methodology; the clarity Niq
and completeness of factors, criteria, and metrics; the ease
of learning, understanding, and applying metric technology;
the usability of the technology within the acquisition
process; the scundness of its approach; the usability and
effectiveness of the metric threshold and weighting approach;
toe a-,prcPriate:Pss of the selected metrics; and tne time
reoq-u-._-; to perform the software quality measvrement process.

1.3 Sottware Q iality Measureme-+- Met-hodolorjy Ove-view
,-A

% The procedures evaluater-i fo. this project are contained in the
three-volume methodology uidfbcoks produced for RA7)C under contracC
F3060' 2-C-0137. Th- c.idmhook's contain a methodology for the software

"cm' ;tti<n mana. t o 30p!y sf-ftw re qr5alitv specification and
. the ;ftwa. aa-3: <2'ion orocess. The quidebooks ,i scuss

e :are ieer-- f:-ie-.'r., nd knowledqg rf this framework is
- "t -ie .rtandci .;f thi. SAI' tedical report. For

r-o.. -om -, d orcarh, ree the soft ware qality
ener : i: et' _ _ .TI. RO< 2, Ind 19E- , in Section 5.0

!e , 'sed '-.,e software quality
'-F: v.,z '. ""r re d sc: ibed bt fi: 1ew The method '

:-P .'- ', c 'ci 'ok -r- jili ,book descrri:'os how the acquisition

-. ., e .t" coals dd a-.ses5 compliance to
13"-'(;1rd -r i bo ck de crite E7 roe software quality

-. - u rOF, 'hat re-'; ed i id reported to the acquisition

SOFAIWARE QUALITY SPFCIFICA.TiON. his oar' ": the methodology involves
procedures for specifying quality requirements. It includes methods and
techniques for determining and specifying quality factor requirements,
for making quantifiable tradeoffs amonq quality factors, for relating
quality levels to cost over the software life cycle, and for analyzing
quality measurement data.

The steps to be followed by the software acquisition manager as he
specifies quality goals include:

1-2
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* Select and specify quality factors. This procedure consists
of identifying system functions, assigning quality factors
and goals, considering factor interrelationships, and
considering costs.

* Select and specify quality criteria. This procedure consists
of selecting criteria, assigning weighting formulas, and
considering interrelationships.

* Select and qualify metrics. This procedure consists of
identifying metrics, selecting metric elements, and
qualifying metric elements.

During the development of the system, the acquiisition ,manager assesses
quality compliance. Based on evaluation reports, he performs this
orocess near the end of each software development pnase just prior
formal review. The purpose of the process is to. asses, cornpliance :.
development products with software quality factor :--Tuirements containe-.
in the system specification and to predict th- qualt.y of the deliver--'
software.

The steps involved in this prcres- 1 cude reviewing recav.rement
allocations and evaluation formulas, re-ie.-'nz factor scores, reviewing
criteria scores, and reviewing metric and metric element scores.

SOFMIRE QUALITY EVALUATION. Once the accquiisition manager has specified
software quality goals, the products of each life cycle phase are %
evaluated to d~''mine if -.e .ystem i meeting these goals. These
measurements are gonPrally gathered by the developer or by an
independent verification and vaiidation organization.

There are four steps identified for completing the quality evaluatio.,
process. These are: %b

* Identify allocation relationships. This procedure determines
the relationship between the system-level functions and
software elements to which the quality requirements have been r
allocated.

2,, %e%

* Apply worksheets. The second step of the process is to .' -

collect metric data using worksheets.

" Score factors. During this step, scores are calculated for
each quality factor using factor scoresheets and information
from completed metric worksheets.

* Analyze scoring. Scoring results are used to determine
variations from requirements and the causes of these
variations. Corrective action is then recommended.

1-3

%0
0.i % % %



%

1.4 SAIC Technical Approach -6

SAIC's approach to the SQMD project was to apply the measurement
technology as described in the guidebooks while maintaining extensive
records on all aspects of the project. In addition, SAIC collected data
on the training and experiences of both inexperienced and experienced
team members concerning the application of software metric technology.
This approach is illustrated in Figure 1.4-1.

SAIC's quantitative approach to data collection and evaluation was based
on using forms, score sheets, worksheets, and analysis reports to
document and record project data. This data included tasks
accomplished, labor effort required, results, and any problems
encountered during the measurement process.

Data was collected concerning any difficulties encountered while
implementing the software quality measuro'ment methodology using
:1etP.YioiogV PrcIem Rtports (IMPRs), shown in Figure 1.4-2. Any metric
vlciatioi were rec°,rded on Technical Problem Reports (TPRs), shown in
Fiqure i.4- . Pro ,ect rime lus were used to collect data to allow
ir ys z.s of tine :e -ed t- , perform project tasks. Figure 1.4-4
conc-ains triis lu'p.

Prr -ect tasks .,7ere been r eccly:.-csed into the following steps, each of
which is discussed nrief]iv be!c•:

* Train inexperiencec Ieam members

* Speci~v quality requirements ..

* Evailuate compliance to miality requirements .. .

* -.3ess compliance

Analy.-a results

T L-'ing i nexperienced team members was a formal instruction process
'n'oiv~ng classroom lectures and workbook exercises. The class was

or.nrinally planned only fur members cf !he project team who were not
e:'yerienced with metric tech~noLc -. However, moLe experienced team 0
memers expressed interest in the training and each decided to attend
class. Section 3.2 discusses this training further. TWo junior
analysts joined the project after class completion. Their training was : %
conducted informally by project leaders.

Specifying quality requirements was accomplished with a user S
questionnaire. The questionnaire concerned desirable quality goals, and
was prepared and distributed to the developers of the test project
decision aids and to SAIC project members. Based or these responses and
the SQM methodology, goals for quality factors were determined, criteria
weighted to calculate factor scores, and metric element questions

1-4 %
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METHODOLOGY PROBLEM REPORT -6
Problem Report Number: ____

Analys t: __ __

Date:_________

Applicable Document(s) •_-_ _

Tasks:

In Trarinnq - Correlate Sr.rreys SOME Team Other

__Hr-cmework - Create Worksheet E-plam

. ecl S,;:vev Pj, cnse - AlIloca:e Fu ncto,,s

F7cto, S~ecf 'vi~al y r -c , e -_____

-''A Spec !c t 0" S.,'r

cSo-c f cdt,on *9ala C ( -',il

Related
Facto.r - - -- Criteria - - Metric: Worksheet-

c' oL il ement

ReI. -T ent -_ _ _-____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TECHNICAL PROBLEM REPORT

Decision Aid: -___ ECOAEA _____ESCMA Number:

Metric Element: Workesheet: Analyst:

Document: Date:____________

Problem:

Impact: Test Recommendations:

- Critical Moderate - Test To Validate Prob~e-

-Light -None -Do Not Test

TPR RESPONSE

Par Analyst:

Date: ____________

Validity:

Valid

-Invalid

Reason_________________________________________________

Significance: Probable Action:

- Critical - Comment Before Ne't Phase

- Moderate - Correct But No Set Time

- Light - ReQuest Waiver and Not Correct

- None - Ignore

Comments:

FIGURE 1.4-3 TECHNICAL PROBLEM REPORT
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10

selected. Section 3.3 discusses this process in further detail. -

Evaluation of compliance to quality requirements used the worksheets
shown in Volume III of the guidebook. Quality measurements were taken
for each life cycle phase for both test project decision aids. In the
ordinary acquisition process, only data selected during quality goal
specification would have been collected. Due to the research nature of
this effort, however, all metric questions were evaluated and scored.
The result was the creation of two sets of quality compliance scores:
one using only those factors, criteria, and metrics that were selected
and applicable; and one using all metric element questions. Pairs of
scores were calculated for each test project decision aid for each
software phase. Sections 3.4 and 3.5 contain more details on this
process.

Compliance assessment was made based on the quality goals specified fo
the decision aids. Comparisons were made between achieved sc-ores anc
project goals. Each metric violation was discussed with pr,-cr 4
developers to assess its validity and its potential impact on
decision aid systems. Analysis was done on the achieved systcrm quali":Y
as compared to the predicted quality assessed at each phase of the lif-
cycle. Section 2.0 presents the results of this assessment.

Based on the data collected and all tasks performed, SAIC analyze4 theresults to indicate decision aid quality and to evaluate the metric %4
methodology. Sections 2.0 and 3.0 contain the results of this effort,
and Section 4.0 presents recommendations and conclusions drawn by SAIC.

1.5 Decision Aid Overview

The decision aids were developed in order to apply decision aid
technology to selected tasks of Tactical Air Battle Staff decision
making. The purpose of the aids was to aid in planning, designing
demonstrating, and assessing the operational utility and technical
feasibility of the applied technology for operational Tactical Air Force
personnel. The aids were intended to focus on crisis and wartime No
decision-making having the potential of materially affecting the outcome
of a battle.

To meet these goals, four aids were developed. SAIC has analyzed two of %
these: the Enemy Sortie Capability Measurement Aid (ESCMA) and the Enemy
Course of Action Evaluation Aid (ECOAEA).

The ESCMA was designed to perform quantitative analysis to estimate an
enemy's sortie generation capability. It was based on models of how
components of installations combine to determine sortie generation, and
it identifies combinations of circumstances that can affect this
capability. Expected bad weather and serious hangar damage are two
example circumstances which might combine to reduce enemy sorties from a 'Prop
particular airfield or for a particular mission.

1-9
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1N
The ECOAE allows a user to evaluate various hypotheses on enemy courses
of action based on current intelligence gathered about enemy forces,
weather, supply needs, etc. It estimates which of the actions would be
seen as most favorable from an enemy commander's viewpoint. The aid %
prompts the user to give subjective inputs and/or importance weights for
evaluation factors deemed necessary to perform an analysis on the
probability of a certain hypothesis. This information closely resembles
that which analysts presently use to form their hypotheses.

After the creation of the aids, they were evaluated by their potential
users. Techniques were developed to allow RADC engineers to demonstrate
system use and capabilities at RADC.

The main focus of the development of these aids was not to create a
system to be fielded, but rather to demonstrate a prototype capability
for future deployment in the field. The aids were designed to
eventually use existing intelligence data bases, but this initial
implementation used sample data and was not intended to actually access
the data bases. The development methodology was intended to produce
this demonstration prototype system rather than to create a fully
maintainable, fielded system. .

%
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2.0 QULITY EVALUATIM4 RESULTS

This section of the report discusses the results of assessing the
quality of the Enemy Course of Action Evaluation Aid (ECOAEA) and the
Enemy Sortie Capability Measurement Aid ESCMA). Quality was assessed
for each aid at the requi-rements, design, detailed design, and codina
levels. Though measurement was not performed concurrently wit) the
development process, the decision aid systems were the best av;ai.lle
test vehicle for the demonstra,ien of the software auality measirement
methodology.

In general, measured q alitl, scores iid not meet qualty , ,cificat -_or
goals set at the beginrc. c. i;-is project. Ttii ;.s don, we "Del e-,
three separate factors,

The first factor concerrs the riture of the development oDf the e
aid systems. Both aids are proef-of-concept syscerms that %'ere nt-'
to demon.strate a capabihlity. While the developer wished to produ,.-
deliver a high qrmal'ty syct 'Xd specified goals to tbat i -Wi, t
achievement was rnot likely t be within th.- -co- - budt oF t
effort itself. The main conlw:. was to cceate a w,_r'-ing ?'c:,ct,
the time and budget specified by the pro:;rar office.

The second factor relates to the software urjality meas " _
methodology. The met ic evaluation elemenws were not designed to
reflect the quality of decision aid developments. Much of the content 0
of a decision aid or expert-based system lies in the rule base used to
drive the conclusions. This rule base did not lend itself to the
current metric qupestions, and was not scored for this assessment. The
present state of the art allows algorithms and more standard dat
structures to be evaluated, but does not adequately address the !ult
base itself.

The third factor concerns the knowledge of the levelopers about software
quality assessment technology. Software quality goal specification andd %
measurement were not familiar to the engineers involved in the system
development and in specifying quality goals. This lack of familiarity
resulted in the engineers specifying goals that were above those really
required to guarantee that the system be effective and successful. .

For both aids, the quality results discussed below include only the
scores achieved by evaluating a selected set of applicable metric ..
questions. Because of the research nature of this effort, data was
collected for all metric questions. In actual use, however, only those
elements applicable to the project and selected at quality goal
specification would have been evaluated.

The differences between scores calculated using all metric questions (as
was done for research purposes) and scores calculated using only
applicable questions indicates the potential differences caused by
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analyst scoring subjectivity. Figure 2.0-1 illustrates this using the
quality factors evaluated for the ECQP.EP decision aid on Worksheet 1.
The lightly shaded bars on the figure represent scores calculated using
only the applicable metric elements, and the solid bars represent scores
calculated considering all elements, regardless of applicability.

Applicability is an important attribute to consider. If such choices
are left to the individual analyst, wide variations in scoring can
result purely from his selection of how to answer some questions. For
example, an analyst may decide to answer a particular question as "N/A"
rather than as "no" or "0." The metric, criteria, and factor scores
will each be higher if "N,A" is selected than if "no" or "0" is used. N
Because of this subjectivity and potential variations among analysts,
SAIC is recommending that procedures be established specifying when thle
"N/Al' answer may be used (see Section 4.4.7).

2.1 Qality Assessment Results
1Pr"- >u~CI."2:. a achiev.ed the des:-rc2 --clu..ire qu LI

-i -,- Io e 1tes 2 _1 arid 2.1-' Lesent scoicm *toc the ECOPAEA aK
<it Eesec----e~. '< PT'Ysho c1w ; "zero" or- the

~ur -: e 'a -se tt ro p oe I>~ de s d.

The z i~l ces d- sho-w 4 scorin ren- , in that ciua lity seem- i to

* c- - uro~ts-e de-< , _- 1 - oce':ei renof iL
ri cake pldice 22 paLr-ile~ with. the pioject deveKlm,:nt We <ifl

ethi: jutre~e nality to th '.e olt'ie so~ftware quaT~ity
r. 'h- iy '- ,- 'k~1- the reac 7 ies part IV ; n'-'

* ~ ~ ~ ) 's - if ie 'oe _7 ~- Dj7;nert aoo' L on -, i-r I a blIe
p ~ ~ ~ ~ d r! f[j ~ A'--.< pt rn~e. s oci; ii d deF'-m

- ~-~~ ~Was c-lati'el1~ e matet ra 4, o _i ."O

to~z r h .- i l-; re nr esiq:, and 4

f -3 n - .-11 w
- A -n~ -i Ic~'c;%

r r~L' ~ ~ %
* - -- '*,.

W -. - / ases

iiethrc: igho- the pt-t-.-l -'u system o)f
*nea 1.red "ia. I y. 'WI) lc a )Ile-> tholq h- As - -:% h
phase:s focr eiJ(h aic:, the! e was a _11f-> zwo' r1 in the '-a, -es L
cairujatedl. it. is r~terestinj, theretcr, 01F jo",'~- ow poorer qlualt"
LeqUirements and desigjn documents rested hi jiali ty -ode.

We 9ellIeve tLiat this was caused by the s, of tbbtwo decision aids ,
and bry the quality of the people whro :Lrateri them. maI1'-r systemns moi,
be :-cmpleteiy understood by the development. kC-aL1 even though the
underLying assumptions, goals, and design ate not tull'y documented. The
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developers were able to fully understand their tasks, and to perform
them even if the documents were lacking. Because of their skill and
experience, therefore, the developers were able to create a better
quality system than one would expect based only on project
documentation. This in no way invalidates the software quality
measurement methodology. In a large-scale acquisition, it is less
possible for skill and experience to overcome early project
deficiencies. It is vital that early quality be high, and that this
standard be maintained throughout development of these systems.

2.2 Technical Problems Uncovered

On the requirements and preliminary design worksheets, SAIC created
technical problem reports whenever a metric violation was uncovered.
Time and budget did not permit the generation of these reports for
violations uncovered uring detailed design and coding worksheet %
evaluation.

Lt- l r:: n-:rn; L...ecn ic.al pr-blem reports was tc qather
f orm, i ..-... ,efning he developer's responses C the problems that

ee dhs.,cV?Led. in --:i, 249 repor-ts were written. Of these, ',3 9
once questons tna ...,ere ac-uai_-'y i)t applicable 'o the decision

iiJ systems or concerned non-existent standards, and no develooer
cesponse was requested.

nhe _ oper r:pcrnded to the remaining 144 comments, as shown below:

* ect'mical .r:'ler ., identified as bei-n3 both valid and of a
S c.l nature. This problem concerned the general quality of %

nt do.. tmentaticn, and particularly the discrepancy between the
?s.g.e1 -its and the coded units. The developer agreed with the .r

.rcblo.:, reporc, and identified the :2rrection as of critical
' t he .'ystem. Maintainahiiity, oi -articular, was

.Aszriled a& beii.a lowered b, the .......

a -ech:ical problems we e 4dent....ed as valid and as having a
:ncderate impact on the quality of the system. .,

'* i09 problems were identified as valid, but with only slight impact
.r. the quality cf the two decsior -Aids. ,

* 24 problems were ident.ified as valid, but of nc impact on the
quality of either aid. This was ue chiefly to the size of the '
two decision aid systems.

* 5 technical problems were identified as invalid, and as having no 0
meaning with respect to the quality of the decision aids.

SAIC igrees with the evaluation Lesponses made by the developer.
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A sample of the developers comments on the problems uncovered are "-
included below. Both comments were categorized as valid, and as having q,
moderate impact on the quality of the system. ,.

Concerning Worksheet 2, Metrics AT.I(3), AT.2(3), and AT.3(1: ,JP'[,
[Questions concern auxiliary storage space allocated, processing time
allocated, and 1/0 channel time allocated]

Providing more detailed documentation on the allocations [of time and --
space) at the outset might be counterproductive because, as the [SATC],-" -analyst suggests, of the prototype nature of the aid --- and because of

tecomparatively rc faites(i particula:, teVAX il1/750 '
available. It could be demonstzat --ed at the outset that time and space
allocations will not be a problem: even a distinctly suo .:re ra
preliminary design would be adequate to pove that point . Theaving
interest lies in makino good-- not just adequate - tie ant s_ace
allocations, in particular wit a view to subsequient porting to
microcomputer. Concurrent systm design and protctyping, with eac

activity informing the oth'er, is an exc ellent way cf chi ....ng good t..and space, as n the present catme, neithe time 1,

space requirements are overly constrained, and the overall program i S r!
relatively small one. the Knowing that one o th aid to for- i of
such observations at some point leads to a raising of the consciousne.-
that may indeed prove beneficial. a teost ht ien sc

Concerning Worksheet 2, AM.3(): [Recovery from computational failures]

Many failures and errors can be covered by standard prograning
techniques and should not have to be addressed individually at the
program design level r s ds a o ph

2.3 Score Validation w see ie

The decision developers conducted testing to verify the validity of
some of the quality factor scores. In particular, they looked at"

REUSABILITY, PORTABILITY, and the criterion anomaly management. ::, .-

2.3.1 ES(C ",. ,:

of ESCMA code. Since the decision aid was actually developed by a
sub-contractor (Betac), PAR had no access to object code nor to a
compiler. The comments below should be understood in the light that

they are the best analysis possible, but it was impossible to check the..'''.-,results presented in many ways that would have been possible i the "V_-

object code or a compiler had been available.. _-
Anoaly Management. All file access within ESCMA is handled by
instructions that are built into Pascal. No special provisions fo

file-access error handling were included in the code. Accordingly, ali %such errors are dealt in default ways determined by the interaction of

RUALTPO hB T,.,and-. the, criterionanomaly.management. ,. .. ,.. ..
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the compiled code and the operating system.

No checks were found for data errors from files. While no underflow or
overflow checking was done within the Pascal code, the linear
programming pacakge used with the system does make such checks.

REUSABILITY. Several of the sections of code could be reused in other
applications. This includes the linear programming package, keyboard
procedures, and screen procedures. This includes approximately 15% of
the code. No other reusable code was detected.

2.3.2 ECE&

The ECOAEA was written in-house by the developers, and for these tests
they had full accessibility to the code and its modifications.

Anomaly Management. There are several routines in the aid that handle
missing data files. If a file is non-existent, an error routine is
called. Ine ro.itine prints a message, and then terminates the process.

C-AEA does not check for the validity of the values it reads or uses. 0
For this particular aid, most of the values are originally primitive
input values which are then aggregated. As a prototype, ECOAEA assumed
the input data values to be correct, with the assumption that any
produced values were then also valid. All user inputs, other than the %%
<BREAK> key, are trapped and handled by the program, but there is no
checking for overflow or underflow.

REUSABILITY. There is a routine (getoption in file windows.c) which -. .

returns 'ser inputs at menu selections. It is easily reusable. This
' -ce of code has been used by the developer in a variety of projects,

r: only minor modifications. In addition, the entire file (colors.c)
:s q generit version of tre UNIX cursor package. Any software which

De - VT-z20 oE compatjble terminal will be able to use the tools which
tniL tile provides. These tools include code for moving the cursor to a
specl.fic position, clearing a line, clearing a window, for inverse
video, and for specifying foreground and background colors.

POW.:AVILITrf. The basic underlying software of ECOAEA is currently being
uset in another application by the developer. This application involved
por iing code from its origiral de,.,eio.p 'nt area (VAX 11/750 under UNIX,
32-bit machine) to an Intel 310 machine, running XENIX in a 16-bit
enviLonment. The following is a brief description of the amount of time
and effort spent in transporting.

The single biggest problem the developer had to deal with was the memory
limitation and model of the Intel machine. PAR spent 3-4 days in .
recompiling the pieces of the source code with appropriate memory
models. The main problem encountered here was redefining the sizes of
the various data structures used. The Intel machine is
byte-addressable, meaning some fields (i.e., integers and floating
point) needed to be aligned on even number addresses. Additionally,

2-8

.. .... .% . ..



problems were encountered when a structure size was an odd number of
bytes. Many of these problems were not apparent at compilation time, , .
and only careful debugging work allowed them to be solved. %

The other serious problem the developer encountered concerned integer
length. "C" provides facilities for declaring integers in three
different ways. These are INT X; SHORT INT X; and LONG INT X:. By
definition, the last two of these declarations will result in integers
of equal length. For the VAX environment, the first and third
declarations result in intecers of 4 bytes, while the socond in an
integer of 2 bytes. The Intel machine set aside 2 bytes for the first
and second forms, and 4 bytes for the third. A good deal ,f iiv,? wa.
spent changing many instances of the first form to t.he third. Onc e
again, these problems were noL discovered until actual execution .' tht
program revealed some suspicious results.

2.3.3 Conclusions

Based on input from the developer, SAIC has concluded that the measureQ
quality results do roughly correspond to those as supplied by the
developer (and as subjectively assessed by the evaluation teamsl. .,.

However, these results are -ftill in the realm of excellent, gco'd,
average, and below. Research needs to continue to support establishing
the relationship between measured quality and real-world results.

%%,

%. ,.. .
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3.0 METHODOLOGY EVALLTATIcOq RESULTS

This section of the technical report describes in detail the results of
analysis and project efforts concerning the software quality measurement
(SQM) methodology itself. The section is organized to reflect the
metric application process, as follows:

" Section 3.1 contains results that apply to the entire quality
specification and evaluation process. p.

" Section 3.2 describes in detail the analysis of the class ".J
SAIC conducted to train personnel not yet experienced with . - -.
software metrics. It also discusses differences found
between the analysis efforts of the experienced and th-
inexperienced teams.

" Section 3.3 discusses the process of the specification of
software quality goals by the acquisition manager.

" Section 3.4 contains the results of the application of 0
metric element worksheet questions to the decision aid
documentation.

" Section 3.5 describes metric scoring as performed on the
decision aids.

Throughout discussion of these results, references are made to the
recommendations and conclusions contained in Section 4. For each
problem uncovered, there is a recommended solution in Section 4.

3.1 General Results

This section presents some very generalized results of the methodology
evaluation process. It first discusses some overall observations, and
then presents information on the labor effort required to perform the
quality evaluation on the two decision aid systems.

3.1.1 General observations 
%

SAIC followed each of the steps of the software quality measurement 6P

methodology presented in the guidebooks. In general, we found the 1 .
methodology to be sound. The procedures and steps to be performed are
basically logical and meaningful, and yield meaningful results. On the
more negative side, we found that details were often presented in a .

confusing fashion. The mixture of justification, theory, procedures,
and examples did not do full justice to any part of the methodology. V.
The metric evaluation elements or questions were, in particular, found
to be ambiguous and confusing.
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3.1.2 Methodology Labor Effort -6
'"

As each step of the software quality measurement methodology was
performed, labor records were kept to indicate how long each-took. A
total of 852 hours were spent in specifying quality goals and evaluating
quality for the two decision aids. Figure 3.1-1 shows how the effort
was distributed among the major tasks contained in the guidebook
methodology for quality goal specification and quality evaluation.

The labor required to perform the decision aid quality assessment is
more meaningful when considered against the amount of material analyzed.
Table 3.1-1 shows the size of each of the products analyzed during the
quality assessment procedures.

As was expected, the most time-consuming aspect of this process is the
evaluation of worksheets and collection of metric data. Early
•orksheets (0, 1, and 2) were applied only once, and took relatively
little time to complete. The final worksheets (3A & 3B, and 4A & 4B),
applied tc each- unit in the system, were qcite time-tonsuming. The 3A &
3B wcrksheets were faster to evaluate than were the 4A & 4B worksheets,
chiefly because not every coded unit was included in the design of
either of the two aids.

we have also correlated the labor effort required to evaluate the
worksheets based on criteria and factors. Tables 3.1-2 and 3.1-3
?rescnn- the amount of timp required to collect quality factor data for
Ea. ,:rksheet, and the tct-'l across all worksheets for each aid. S

'e 3.1-2 through 3.1-4 are graphical representations of the time
eq. ,d t,- evaluate factors for ooth aids together (Figure 3.1-2), for

'A alone 'Figure 3.1-3), and for ECOAEA alone (Figure 3.1-4).
. _i.x B nre ents the information for the software quality criteria.

.>smay M moe met n rJ rgfu I becau,,: Q>1 tei a whi ch are applicable to
t . ,ne factor i-e counted mr.rte thdn once in collecting the factor

vuiatlon time dat.

-le oiicce thvt the ditferences in time required between the two
decision aids is chiefly due to the size of the documents involved and
th ' ir't final source tode produced. The same tailoring process was
'ised n each aid, so that there were no differences in the number of

e >iestions ar:swer.d. '41le each R was pr ,uced by a different
:or tractor, they are cf similar natures and similar measured quality, so
we believe no major rifferences were .crnuced in that- regard.

In addition to evaluating factor and crittrio, tmes, we also calculated -.-
how long each software unit took to evaluate during application of - "
Worksheet 43. Figure 3.1-5 represents the time it took to evaluate each , .,
unit in the ECOAEA as plotted against unit size. As expected, there ... 'r
seems to be & strong relationship between the size cf the unit and how %,
long .t takes to answer questions concerning that unit. The points
below tbe trend Lin represents units typioslUy more oomplex than otber .. %-
units. C(nvexmey, those &bove repree l Oamplex units. S
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TABLE 3.1-1 DECISION AID DOCUMENT SIZE -

DECISION AID
WORKSHEET AND

PRODUCT ENEMIY COURSE OF ENEMY SORTIE CAPABILITY 4

ACTION EVALUATION AID MEASUREMENT AID ,.-

66 PAGES 142 PAGES

WORKSHET I FUNCTIONAL DESCRIPT[ON) (FUNCTIONAL DESCRIPTION

AkSHE v6 PA(FS 142 PAG.ES
~ OkSHIKT 2FUNCTIONAL1 DESCRIPTION) (I-UNCTIONAL DESCRIPTIONi

5PAGES OF PDL AND 90 PAGES OF PDL AND
~' .SEETW JA DIAG;RAMIS DATA DICTIONARY

'1.334 LINES OiF C:ODE 13.575 LINES OF CODE

. h%

-wK %

16:
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3.2 Experienced/Inexperienced Project Members

As part of the project, SAIC utilized two separate teams of analysts.-
Each team evaluated one of the two decision aids used as test projects.
The teams varied in experience, with one team new to metric application /"",
and one team consisting of personnel who had worked with metric elements
on other projects. e

3.2.1 Class Evaluation %

Part of SAIC's approach to the project involved the training of the
inexperienced project members. This training consisted of a formal.%
class presented over a three-day period. The class was intended "
familiarize students with the metric framework, and with th', SQY1
methodology specifically. The class consisted of iectuce/ques icn
sessions, and included outside "homework" in the form of wcrkbooks.
Figure 3.2-1 presents the outline of the class as taught.

Though the class had originally been planned only foL those i e, -o
software measurement technology, each of the more experien:ei t:--
members expressed interest in attending. Each experienced person har •
worked on other projects involving software metrics, but felt tha.t h..
knowledge was incomplete. After discussion of project coals, was . .e
decided that all members should attend the class. The presence .,

experienced personnel gave the "newcomers" the benefit of real-world
experiences during class discussions. In addition, the common •
information and focus provided a single unified starting point f .r all
project tasks. It was also noted that even though experienced, the
"oldtimers" did not know everything discussed in the software cpality
measurement methodology guidebooks. The training provided them with new
information to be used on the project.

After class completion, while each team member was actively working Un
the specification of quality goals or metric application, each attendee
was asked to evaluate the effectiveness and quality of the class
sessions. Figure 3.2-2 is the form each student was asked to use.
Forms were not filled out by class attendees who subsequently left the % %
project. Section 3.2.3 discusses project personnel further.

Table 3.2-1 presents the ratings given to the class by the students. •

These ratings are on a scale of 1 to 5, with 5 meaning most effective. .
The ratings do not correlate directly with levels of experience or areas
of expertise. Comments did consistently show, however, that the
students desired examples and practice with actual metric question
evaluation as part of the class.

After training was completed, two junior analysts joined the project.
Both were inexperienced with software measurement methodologies and were
placed on the "inexperienced" team. Training of these analysts was
conducted informally by other project personnel. The result of the ...

informal training was that while able to complete all tasks, the two
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CLASS RATING FORM

Analyst:

Date:_

Metric Experience Level: - Novice - Experienced Highly Experienced

Computer Experience Level: - Novice - Experienced - Highly Experienced

Area of Expertise: - Programmer Analyst Data Entry and Anaivs,s

Class Rating (Scale of 1 to 5, where 5 means most effective)
Area Understandable Ease of Questions Applicabihtv

Learning Answered

Quality Framework I
FactorsCriteria

Metrics I

Factors Criteria Metrics
Noe , 0,

Quality Goal Specification

• a,. = a%

Metric Application

Score Evaluation -: \ b

Comments: ..-'2" :

"% % "

-%-..". W0

'a-

FIGURE 3.2-2 CLASS EVALUATION FORM
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TABLE 3.2-1 CLASS EVALUATION RESULTS

CLASS STUDE STDNT STUDENT STUDENT
E LENIENT STUDENT 4

Metric Expe-riecc Fxperienced Novice E\perienced Nov ie

Corlip1_1r L xperiencc IL xcricnCCd [Ex.pecic(-d Novico L xperien:cJ

roeran~ro~rProeratnmner kll 4 ~ :~l1

P ~k'ok5J 4.5 5 5t

-70 %

(~~~i~~j*If JIkj . .03 (

I ,' %

/0
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junior analysts had a much less complete idea of the process of metric
specification and evaluation. They had more difficulty Lndersta7nd!ing -6
the reasons behind some of the steps. They also tended to believr that A
their own lack of understanding was causing a or.hle , even f. the
problem was actually in the methodology itself. Phis was raartici alv I-
evident in worksheet evaluation. Neither a a? Ist p jd.iced many
Methodology Problem Reports when they encountered eUfficltes .':h a
metric element question. Instw'ca, each believeJ that afry ,ic,>:
his own lack of understandinq, not 4n the qufesticn itself. n (Zer
analysts examined and evaluated every metri. Tiest1c; as w i 2,

not impact SAIC analysis efforts.

Based on SAIC's experience with traininz and with metr , aprli VI'n
are recommending that training !either in thp formt n las ,
prepared materials) be made available to beth aoquisition mana3E!L. $:1-'
to those who will be evaluating metric compliance. Thic i . disis.ns-l 10 0
paragraph 4.2.3.

3.2.2 Differences Causea Ly Experience -..r

At the beginning of the project. we eynected certain dffprp s t¢. v-

up between the more experienced and less experienced p777-. anal..
We anticipated that the less experienced personnel would veifrrm *, '"
specification and assessment tasks less quickly -han w :h ,:
experienced. The less experienced * ean %-as expected to rhi:- m:-'
questions, and to understand the evaluation process les; r-ompletel .

These expected differences proved to be correct. Table 3.2-2 contains %
some of the differences between the experienced and inexperienced e-.
project personnel in performing software quality evaluation tasks. The
more experienced project personnel were faster at met,: 7 ,-est: )r.
evaluation and generated fewer problem reports concern:nc c '
methodology itself.

The less experienced team did, in addition, reach frustration :eveis
earlier than did the more experienced team. When questions were N
particularly confusing or ambiguous, or the documentation heing analy:,ed
particularly deficient, the less experienced analysts found the
experience frustrating. The other team was better able to deal with
these problems. 0

3.2.3 Project Personnel

Figure 3.2-3 presents both the original organization of the project team
and the revised organization used throughout most of the project. The
team evaluating the Enemy Sortie Capability Measurement Aid, which is •
written in Pascal, was selected because of their experience with that
language. The team evaluating the Enemy Course of Action Evaluation Aid
was selected because of familiarity with the language it is written in,
11C." .iS
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TABLE 3.2-2 DIFFERENCES I-OR EXPERIF.INCED i.AND INEXPERIENCED PERSONNEL
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Some personnel changes took place over the life of the project. Ms. -"
Cindy Bowen, Ms. Susan Fenwick, Ms. Linda Mauer, and Mr. Bill Randall -
left the project before worksheet evaluation began. Two junior
analysts, Mr. John Garcia and Ms. Louise Wine, joined the project in
their place and were assigned to the inexperienced project team.

3.3 Software Quality Requirements Specification

The first step in the software quality measurement (SQM) methodology % b %

involves the specification of quality requirements by the acquisition k P.
manager. These requirements include those applicable to the quality
factors, the criteria to be used and their relative weightinqs, and the
selection of the applic.nble metric elements to he evaluated on the .
various worksheets.

-he methc-dolov, r-sul -s, and problems encountered during the
_o1 ication f jl-lity -,al spfwi-.[ication are described in this s *-tion.

The Oraz.e, al -s ga e s 1s:

.-- t :.3.1 des--:" , the .- FsC'<wed :-form'ng the
"I .' ,:at 0 C r'v * Z rJ 3e.eccno.i- tas . .

* Secticn .3.2 des:rlbes the resuits ald problems w.covered in
speci fy-ng faccor -mality qoals for --he decision aid systems.

Sef:t ion 3.3.3 , esoribo. the pL wcess of seiecting anc'
ghrig th -1.lf-r ct.-ia, it includes discussion cf 0

the fe "_t . , d .:lJ t h [j.nlems "_jn,ovr ed. , -

a sect: 1. 4 discu- - s Khe -lecFi,-n I e metL1: elements
- tc b-h "-' s r -ids aA. vc-t kSh"EtS. P:'s-lts

. -- %hJ .,,2

in-

pa 
0 

ezs *--l

9 e 1 P -- nd S r.. ..
el . .... nd -p,-- ,r, , :.,.". .. • p

-- Iorisier rcsc , -" .-
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Z0

?.,,-., -* *

w% %,



e Select and Specify Quality Criteria
- Select criteria
- Assign weighting formulas
- Consider interrelationships

e Select and Specify Quality Metrics
- Identify metrics
- Select and qualify metric elements

The result of this process is the specification of the quality goals a
system is to meet. The process is described in detail in Volume II ofthe guidebooks [BOE-2], in paragraphs 4.1, 4.2, and 4.3. Paragraphs6'e

below describe the way SAIC performed each of these steps in compliance
with the SQM methodology, together with the results obtained.

3.3.2 Select and Specify Quality Factors

To specify quality factors, SAIC used the quality goal survey P

questionnaire described in the software quality measurement methodology
guidebooks. This survey is designed to afford a means of determining
desirable quality goals as seen by the potential users and acquisition
managers. For the decision aid project, surveys were sent to the
original system developer (PAR) and to the SAIC team members working on ...

this effort. In addition, each was asked to fill out a response form
indicating their reactions to the validity and conduct of the survey.
The survey questionnaire is presented in Appendix A.

Table 3.3-1 indicates the survey results for each respondee for each
decision aid. The quality goals to be specified by each user were of -
the form Excellent, Good, Average, and Not Applicable. These goals
correspond to numeric quality factor scores of 0 (Not Applicable), .7 to
.8 (Average), .8 to .9 (Good), and .9 to 1.0 (Excellent).

TABLE 33.1 QUALITY GOAL SURVEY RESULTS ,.-- .

QUALITY ESCMA ECOAEA . , . 6

FACTOR Devdoper Piefoe Hanley Develop" Lincoln wine Wofes S

EFFICIENCY A G G E A N/A A
INTEGRITY N/A N/A N/A N/A A G E
RELIABILITY G E E E E E E
SURVIVABILITY N/A A N/A N/A G N/A A
USABILITY E E E E 0 E G
CORRECTNESS G E E E E E E
MAMAINABILnTY 0 G E E 0 G A
VERIFIABILITY E 0 G E 0 E G
EXPANDABILITY E A E E E A G -. :.,.
FLEXIBILITY A G G E A 0 G
INTEROPERABILITY A N/A A A 0 A N/A "
PORTABILITY G A N/A E 0 N/A 0 -
REUSABILITY A A A E N/A 0 A %. ,.
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One problem with this goal specification process is that there is no
relationship or quantification of the quality factors with respect to
mission acceptability or performance. A System Project Officer does not Ile

know if "good" RELIABILITY is good enough, or if "exc-llent" is %
required. Baseline values or experience values would be c valuable
addition to aid the SPO and provide him with a basis for picking a
particular goal level.

Each decision aid is a relatively small system, and was therefore.
treated as a single Computer Software Configuration Item (CSCI). No
subsystems were identified in the documentation for either aid, nor were
separate sets of documents developed as they are for multiple CSCIs.

The software quality measurement (SQM) methodology directs that separate
quality goals are to be developed for each system function. When the .
user surveys are distributed, however, no information is contained on
the forms that specifies exactly what the identified functions are. As
'3 result, it Is up tvi each survey respondee to list the functions as he
elieves they exis -. T):i can ca;e areat confu:1ion and difficulty.
Section 4.3.9 contain7 SAIC's recommenaed solution co this problem.

As an example of the confusion that can occur, the four functions
identified by the developer (PAR Technology) for ESCMA are:

Driver .,, >

* Calculation 0
* Sensitivitv Analysis .,/A -

Reoort Generation %

icwever, thp ESCMA functional description [PAR-4], describes the %

I-
. Ident ify -a' as of -peraticn and . 1. rc raft/ai rfieids of

nt e * :.s t ,

o Jpdate airfield and aircraft -escurce status
I Fstab ict - ircraft s ortie and resource consumption rates and

* develop Dbjective luncti-on and constraint equ ations for

optimization -
* Compute .mxjhTrjm sot. - -,

Develop 3nd documenr -nem, ortie 'apability e ;..mate

Functional decornp:csiti- Js in -r~ t~ m 'civ p r:ce-ss, , n d
typically results in %7aryinq 1istc- f what -- nstitutes the syst,,m
functions. These disu,:repancH-) rh[s [n'y were evident in this .
methodology step. For -his r,, is r-( -=,nendinq a ,m]difi i..'
approach to the iiser questionnair. : ap-rah is discusse,
Sections 4.3.5 ind 4.3.9, and is,' :' ,-.,l .<'ecification oly
when functions have beer idlentifi d 4 nl A f 0 0 ..... ty oa1 % %
specification is to take uiace. Jthe -w-se. c y system-wide 3,a! .,-
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setting is used.

SAIC did not use the functional allocation given by the developer or as
shown in the documentation because we believe that quality results
calculated on that basis are misleading. The subjectivity of functional
decomposition detracts from the quantitative results that the software "W
measurement technology is attempting to build and validate. We
recommend that this additional subjectivity be eliminated until methods
have been developed for more objective functional decomposition, and for
the setting of various goals among functions based on sound reasonina
and theoretical analyses.

To analyze the ESCMA and ECOAEA data, SAIC consolidated all of th'_
various specified functional goals into single systepm-widp pi- it-
goals. To accomplish this, the highest functional goal for each farto,
was taken as the system-wide goal. As an example, the quality goali f~o
the factor USABILITY were listed as Good, Excellent, Excellert ancy
Average for the four develcper-iientifc'd functions. One apprach n,
establishing a system-wi le cal might be to average these funr- . nai-.
goals (with a result of a goal of Good for USABTLITY). We th.;nh it
better to have goals that reflect the highest standard desired, and c- •
instead have chosen to establish the goal as Excellent. This was chose;
because at this level, the quality can only be as good as its we4,.est %
function.

Table 3.3-1, presented earlier, lists the goals specified by the :P
developer and by SAIC analysts. SAIC analysts were included in the 0
survey for two reasons. The first was to give us experience in goal
setting, to better allow assessment of how an acquisition manager or
developer might respond to the survey. The second reason was to provide
more data points for the process of final goal specification. The -
acquisition manager is likely tn have several survey respons- - to -". -
consolidate, and we w;shed to duplicate his experience. The g; ic s -<
by the SAIC analysts were derived to the best of their knowedge. but
are not as meaningful as those that an acquisition manager would set,.-*
himself. The goals listed in the table reflect the highest goal for any .. '

subsystem for each factor, as described above.

Using developer and SAIC survey responses resulted in correlating three

separate sets of goals for the ESCMA aid, and four sets for the ECOAEA _._

aid. Analysis was made of the variation in results for each factor for
both aids.

For the ESCMA aid, the SAIC analysts agreed exactly on eight factors out
of the thirteen. For four other factors, agreement was only one rating
apart (between "Not Applicable" and "Average," or between "Good" and
"Excellent," for example). One factor was two ratings apart ("Average" ...-.

and "Excellent" for EXPANDABILITY). Including the developer's responses
resulted in less agreement. Only three factors matched exactly, eight
were one rating apart, and two were two ratings apart. This data, as
well as data for the ECOAEA aid, are shown in Table 3.3-2.

3-21 06

, 1P. %. %%% % Q %
LZ 1-Z..



TABLE 3.3-2 VARIATION IN GOALS AMONG ANALYSTS

ESCMA ECAOAEA

VARIATION SAIC ALL* SAIC ALL*

NO VARIATION 8 322

I. LETrER GRADE 4 8 5 2
2 LETTER GRADES1265
3 LETTER GRADES** 0 0 0 4

includes developer
**N/A is treated as one letter grade belov, average (A)

Anaivs,-s indicates that the differences in goal spec fication shifted
tcawaru qreater /ariation wher. the oc-aii of the developer were included.
There q.a rexser a-reern amorng 'SAI.C analysts a meeW2 uono

SXC3na.ysts -i.d t. PI e.. 2'.'elope rs , e;s variations wete also
arh'Qn im09 te 4'3W h th~e FC\thjan crth FCQAEA. Since

SK'rweri ' t 1- 1 C.ml i 1qner T -i MFSCM, these more
e z -1e r ~ e e),.;:e, te,1 .. nre e cf Ferences raise some

3fi ,'-u cbje, civity of t, -3 a irh ol ,og, particularly in,
o- th( '- V F"EXTBTL--, anc lF CE*. The qoal fcr these

4a---zdi fe''-rl hy IM-!- a-s , ,qc

~~~~t'' C-0~.~ n<or colle-ct daIta
-i ri, prr~ie r mi iFjI-e r ers ~ sr~v ~ t~i the discrepancipfs

an They &o a erve

2.C - 3rQ7, Af ort I rle 'n

'~'t"~ i m 'u ~ ~ ej '0 vall-datc. s;Cores

)..3SieL dd Spcf',t~ii,, it -~ L

Th~ 1r 3QM prc:"d':ae 1c ricvn r )o aL used i n
measuring the cpaiity, fac-tci,.. The c>I(F 'h applicable fzt-tor
are selected and weighted to caroac h . lu.

SineP the pr~ototype ailds do nct ac-cess a r I Xtez ial lata hases, %%.
the criterion of effectiver ,Fess oi :-mri mn ai,- f t the factor P-".d
E F F I1 E2CY wa s c o nsi de r ed tc be i napir ~ P' r' j J.d' 1-,
Since neither decision aid crxnunr,,'cates w,.ith any 3~vra ystems, the j ,
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criterion of system compatibility was also weighted as zero.

The criterion of effectiveness processing was considered to have greater
impact on the factor EFFICIENCY than effectiveness storage, since
storage is off-line and does not appear to be a limitation. The
elimination of effectiveness-communication raised the weighting of each
of the two remaining criteria from 33% to 50%. Considering
effectiveness processing (EP) to be more important than the storage (ES)
criterion resulted in raising the weighting of EP to 80% of the total, . -.
and the lowering of ES to 20%. These weightings, while reflecting our
best estimation of what was appropriate, illustrate the arbitrary nature
of the current criteria weighting methodology.

The impact of weighting the criterion system compatability as zero .F
(since there is no inter-system communication), altered the weighting of
the remaining criteria which determine the quality factor of
INTEROPERABILITY, increasing each from 20% to 25%. All other criteria %
weights remain unaltered, since we had no justification for changing
these weights. Table 3.3-3 indicates the composition of each of the
quality factors by presenting their weighting formulas. In the table,
some criteria weights are shown as decimal values, and others as
fractional elements. Decimals were used whenever possible because the, ,-
clearly represent the numerical values to be calculated. In some cases,
however, fractions do not translate to finite decimal values (e.g., % %
1/3). For those cases, the fractions themselves are given in the table.

Only one particular problem was noted during criteria specification.
The methods in the guidebook for selecting and weighting criteria are
arbitrary, and without detailed justification. The acquisition manager
has no way to link any assigned weightings to any real-world indicators
or values. Since the scores are so dependent on this arbitrary
assignment, there is no way for the manager to know that any calculated, _

result reflects a real-world meaning (such as errors per thousand lines 0
of code).

SAIC is recommending methods to help in the correlation of calculated
quality scores and the actual quality of each system. One method,
described in section 4.3.8, is to eliminate adjustment of criteria
weighting. Instead, procedures would be devised to allow corrective
efforts to focus on criteria of special concern. Section 2 also
contains information on this problem, presenting data concerning the
validity of the calculated decision aid quality scores.

3.3.4 Select and Specify Quality Metrics

Following the elimination of non-applicable quality factors and criteria %

(and the reweighting of criteria), the non-applicable individual metric
elements were eliminated. The similarities between ESCMA and ECOAEA % .

meant that the same weighting formulas and metric element questions
could be applied to both aids. Table 3.3-4 shows the questions which ,. '-
were eliminated from each worksheet using this process. •
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TABLE 3.3-3 CRITERIA WEIGHTING FORMULAS

FACTOR WFI(;HTING FORMU"LA "-.7 C"

(" FC I -___.._ _______,

(IFF E NE CY =(1' F C) 1 ). "P !) . F!S -.. ,

SRITY -~Y .xa' \PPLICABI. F

I'- . '. p._. ' " = .,

,); "1 1 -

% % z. , 0 "%
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TABLE 3.3-4 0

SQMD N/A QUESTIONS

WORKSHEET 1 WORKSHEET 2 WORKSHEET 3 WORKSHEET 4

AM.1(1) AM.6(1'- (4) AT.3(1)- (2) AM.2(2)
AM.6(1) AM.7(l )- (3) AM.2(4)
AM.7(I) -(3) AU. 1(2)

AT.3(2) AT.3(l) - (2) __

AT.3(2) CL. 1(7) - (8) '

CL. 1(2) - (8) CL.2(1) CL. 1 (7) - (8)
AU.2(1) CL. 1 (11) CL.21)

CL.2(2) CP.I(11)
CL.l(1) - (12) CL.2(4) CP.I(I 1)
CL.2(1) CL.2(6) ES. 1 (4)
CL.2(3) - (8) CS.12 -(4)
CL.3(1) CP.I(11) OP.1(10) CS.2(l) - (3)

CP. 1 (11) CS.2(4) EP. 1 (5)
CS.2(5)

CS.2(4) -(5) ES. 1 (4) S
DI. 1(4) ES. 1 (7)

DI.1(2) DI.1(6) - (9)
D.l1(4) OP. 1(1)
DI.1 (6)- (9) EP.I(5) OP.1(2)

EP.2(3)
EC.1(1) SD.2(1) S

MO. 1 (9) SD.2(2)
FO.1(1) - (4) MO.2(3) SD.2(4)

MO.2(5) SD.2(5)
FS.2(2) SD.3(5)
FS.2(6) OP.1(4)

OP.2(6) SI.4(13)
ID.1(2)- (3) SI.4(14)

RE. 1 ( 1) :.. .

MO.2(1) - (5) RE.1(3) - (4) VS.1(1) -(2) S.,- ..

OP.1(14) SS.I(1) - (4)

SS.2(1) - (2)
RE.1(1)
RE. 1(3) SY(ALL) VA,

SD.3(5)

SS.1(4)

SY(ALL)

PP/RD/01
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In a standard acquisition process, the elimination of metric questions
would mean that they were, of course, not scored. Because of the V,*
research nature of this effort, however, all questions were evaluated
and scored. This resulted in two scores for quality assessment: one , .-.1 -1
reflecting only those elements that were not eliminated, and one
reflecting all question answers.

Because individual metric questions are not weighted, and are eliminated
only on the basis of criteria and factor elimination, we did not uncover
a problem with the arbitrary nature of scoring or removing questions.
We did have difficulty, however, with the weight that each question
receives. Section 4.2.2 discusses this as an area for contirnied
research. An example (.f the problems in this area is in the evaluation
of the aid ECOAFA duri7. The code phase. The factor VISICILITY received
a s.-. re of .98 Lot that Phae. That entire score 'was based on answering
n, quest.]on, OP.1(1C. All oth questiors were not applicable (there
~re tr- .. r' n ....ieonS U "hat phase).-,A, .a L, .c y - , _". .... r . '* - .--

-0 h . -.. [. . --- *...1 sc:'ie aspe A'1 : of the 6ystem . N
, 'anc, n existed a., :, t,- f, ac tc .. .. c. a.,
E s at ',ovied 1 mo _ , :ecrie -J ean. ot rahno hs,-

-Am 7:, . - . presn -3 recopnnended s,L-.tjoo fo- thrs

,-. -' t le , -%!e c'--od lct, . e %
.... a..%

,.' .'. J . C

'-A

. ., C r, and Se-'i,,
-T 01 1 - ;;-;,ens encot:!,-,ed
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i )!;M115 n :oveled I I-, --, ' _ . a id ar ti.. lssed in Sectitn
JI

The SQM methiiol(. p, lfs1 rh genpe 1 a n.,aiuating achieved
Cualrity jevels as in F4UCre 3.4-1. :t " that -1-.iopment prducts
are ised as source .aterial, ftr,,- arsvCr. ouu ts on the metric ',
workheets. Answct cn the worksheet.-. used - , metric elements
on o_-coreshe!ts, and scores are ac.as- f tc h tent metrics, . a-
criteria, and factors. Scoring results -" --m't ,- irment, and
variations analyzed. Ali ces Its s. dccurc nt r r. S ftwrc Quality
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Evaluation Report and submitted to the System Program Office.

The steps in the procedure for scoring quality aspects are to first
identify allocation relationships, and then to apply the worksheets.
SAIC's approach to this process was to follow the steps identified in
the SQM guidebooks as closely as possible, while keeping detailed ."
records on results, time spent, and material covered.

The allocation identification process described in the guidebooks did
not lend itself well to this application. Discussion of this process is
listed below in Section 3.4.1.

Worksheet application was not described in detail in the methodolo.y.
SAIC performed this task by creating one team to score each der -iorn
aid. The team scoring the ECOAEA aid primarily consisted of analysts
who were inexperienced in metrics. The team scoring the ESCMA aid
primarily consisted of analysts experienced in metrics. The fo!liwing
assumptions and techniques were used to score the worksheets: %

" All metric elements on each worksheet were scored. in a
standard application of the methodology, only those metric 0
elements which are determined to be applicable during quality %

goal specification would be scored. Because of the research
nature of this project, however, every question was to be
answered and associated data collected.

" Time spent for each metric element was tracked on the project •
time log sheets shown earlier. Time spent, amount of
material covered, and the identification numbers of Technical
Problem ReDorts and Methodology Problem Reports created were %
recorded.

* Each analyst was assigned an arbitrary section of the
worksheet to complete for Worksheets 0, 1, 2, and 3A & 3B.
For Worksheet 4A & 4B, questions were allocated based on
analyst experience. Some questions are difficult to answer
for non-programers. Section 4.4.1 discusses this further.

" The metric element questions were completed in order as they '. '.

appeared on the worksheet.

" If the score on a metric element (for Worksheets 0, 1, and 2)
was neither "YES" nor "I", a Technical Problem Report was
completed. This report describes a metric violation. For
Worksheets 3B and 4B, no problem reports were to be completed
-- instead, we had planned to produce the reports based on ., 9
the scoring onto Worksheets 3A and 4A. Time did not permit
the creation of problem reports on those worksheets. Since,
however, most questions are covered in the early phases of
development, this did not create a problem for analysis.
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* If any questions or difficulties arose during metric element
evaluation, a Methodology Problem Report was to be completed. -

These steps and assumptions were used to evaluate all the worksheets.
Since each decision aid consisted of a single Computer Software
Configuration Item (CSCI), the differentiation between the system-level
Worksheet 0 and the CSCI-level Worksheet 1 was not large. Because of
this, no new information would be gained by evaluating both Worksheets 0
and 1 for each aid. For research purposes, we decided to evaluate
Worksheet 0 at the system level for all of the decision aids developed.
We used the decision aid statement of work (S-q) and the planning
document [PAR-2] to make this evaluation. Worksheets i thLough 4A & 4B
were evaluated for both aids. Table 3.4-1 lists the documents used fon
the worksheets evaluated for each aid.

These documents were selected as the best fit available for the iptent
of the evaluation process. This evaluation was done outside of the
system development process aniJ after test project completiorn. irls ,.- s
means that all results were gathered after the full implementation of
the aids, and theretore could not influence the development prcocess.

It was PAR's intention to develop the decision aids much in accordant,
with MIL-STD-7935.l-S, Automated Data Systems Documentation Standard:-,
[7935], but in fact the documens an--d- life cycleo-Tnot enti- ely f5.'ow
this standard. This was due to the prototype nature of the decision aid
project. N-

Even though the project did not entirely correspond to the standards of
MIL-STD-7935.l-S, it is important to include the standard in order to
understand the developer's intent. Documents required for MIL-STD-7935
development can be assigned to two basic categories: system documents
and collateral documents. System documents are those engineecing
documents used to define, build, and maintain the system. Collatecal -

documents include those that manage and control the development process, ., ,,
that provide standards, that describe how to use it, and report on
testing. The reason for this decomposition is to provide a simplified
frame-of-reference for comparison to another military standard,
DOD-STD-2167. Documents in each category for MIL-STD-7935.l-S are
listed below:

COLLATERAL .--

" User's Manual * Test Plan
" Computer Operation Manual * Test Analysis Report . .

* Program Maintenance Manual "."i'

SYSTEM-
.'. .'

* Functional Description 9 Program Specification
e Data Requirements Document e Data Base Specification -
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TABLE 3.4-1 DOCUMENTS EVALUATED

WORKSHEET AID DOCUMENT -

0 SYSTEM INTERIM TECHNICAL REPORT.
SENIOR BATTLE STAFF
DECISION AIDS. TASK 1:
PLANNING (3-84) [PAR-21

STATEMENT OF WORK FOR SENIOR,
BATTLE STAFF DECISION AID (12/82)) [PAR-3]

ECOAEA ENEMY COURSE OF ACTION EVALUATION AID
FUNCTIONAL DESCRIPTION AND DEMGN PLAN.
SENIOR BATTLE STAFF DECISION AIDS (7-84) [PAR-5]

ESCMA ENEMY SORTIE CAPABILITY MEASURUMENT AID:
DESIGN PLAN AND FUNCTIONAL DES RIPTION (8/85)
[PAR-41

2.3 F5"OAEA ENEMY COURSE OF ACTION EVALUATION AID FINAL S
FUNCTIONAL DESCRIPTION AND DESIGN PLAN
(10/85) [PAR-6]

2,3 ESCMA ENEMY SORTIE CAPABILITY MEASUREMENT AID:

DESIGN PLAN AND FUNCTIONAL DESCRIPTION
(8/85) {PAR-41

ECOAEA SOURCE CODE LISTINGS

ESCMA SOURCE CODE LISTINGS

,. ...-,...
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0

* System/Subsystem Specification -

A draft copy of the DOD-STD-2167 standard, Defense stem Software
Development, was the basis for the guidebook' s stware Xity'
measurement technology. In order to make comparison to MIL-STD-7935.I-S
easier, the documents described in that standard have also been divided
into two types, system and collateral:

COLLATERAL

" Operational Concept Doc. * Computer System Operator's
* Software Configuration Manual
Mangement Plan e Software User's Manual

" Software Quality 9 Computer System Diagnostic
Evaluation Plan Manual

* Software Development Plan * Software Programmer's Manual
" Software Test * Software Test Report

Description * Firmware Support Manual
" Software Test Plan o Version Descriotion
" Computer ResourcesThtegrated Document

Support Document * Software Tesl Procedure -

SYSTEM1

" System/Segment Spec. e Interface Design Document
" Interface Requirements * Data Base Design Document

Specification * Software Detailed Design
" Software Requirements Document
Specification e Source Code (Software

" Software Top Level Design Product Specification) -

Document ,.

Comparison between the documents required for each standard yielded .3
correspondence as shown in Figure 3.4-2. Given this framewor., i, was
necessary to analyze the existing and delivered system documentation %.%
against both MIL-STD-7935.I-S and DOD-STD-2167. This was required to %._
understand the documents the guidebooks were designed to use, as well as '.-

the documents actually to be used for evaluation. Tables 3.4-2 and
3.4-3 present the documents available for analysis for each decision
aid. Figure 3.4-3 is a synthesis of the preceding figures and tables -

and represents the documents available and their relation to the
desirable set of specifications.

A later version of the functional description was used for scoring
Worksheets 2 through 4 for both decision aids. These specifications
became available after the scoring of Worksheet 1 was completed.

Analysis of the methodology problems uncovered during the scoring of
these worksheets is contained in the following sections.
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3.4.1 Identify Allocation Relationships %>1

The ESCMA and ECOAEA decision aids are each relatively small systems, -6
and were not decomposed into Computer Software Configuration Items %
(CSCIs) or Computer Software Components (CSCs) during the development %
process. As discussed in paragraph 3.3.2, there were also discrepancies.
in the functions specified in the documentation of each system and as
listed by the developers in the user survey questionnaire. These
discrepancies illustrate the subjectivity inherent in functional
decomposition, and the variations that exist among the resulting
functional lists. For these reasons, SAIC did not allocate separate
quality requirements among a list of system functions for either aid.
Instead, both aids were given system-wide goals based on developer and
SAIC team responses to the user survey questionnaire.

Because of that selection, it was not necessary to identify the
relationship between the specified functions and the system
documentation as developed. we still examined the methodology, however,

in order to suggest improvements and assess its feasibility.

We believe that the identification process has difficulties. Because
functional decomposition is subjective and arbitrary, the allocation of S

requirements to CSCI's based on these functions is also arbitrary. The
assessment of the amount of a particular CSCI that reflects a particular
function is also difficult and subjective. For these reasons, we are
recommending that, in general, no functional decomposition and
allocation of requirements be contained in the current guidebooks. As
research proceeds and these types of relationships are verified, the •
procedures should be placed back in the guidebooks with full
iustification for their existence and with definite steps and guidance
as to how to perform this task.

For systems that do merit functional decomposition (as described in
paragraph 4.3.5), we recommend that CSCIs be allocated to functions N
(rather than the reverse). This means that rather than trying to
determine how much of a particular CSCI (e.g., 50%) relates to a
particular function, one would determine whether or not a CSCI aids in
implementing a function at all. If it does, then the CSCI would be
counted 100% in the score created for that function. As an example,
consider the example of calculating optimal values as a function. For ...

this function, any CSCI that performed any part of the task would be
considered in the scoring. One would not take into account that only
10% of a given CSCI actually contributed to that particular function.

Section 4.3.5 contains other recommendations applicable to identifying
the allocation of functional requirements among the CSCIs.

3.4.2 Application of Worksheets

A major aspect of the analysis of the SQM methodology is evaluating the
metric element questions that comprise the worksheets. This analysis of
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the SQM methodology metric element questions has been done for all
worksheets.

Several general statements can be made about the organization D1 the
worksheets. These statements are explained in detail below, along with
recommendations for correcting deficiencies.

Each worksheet is or9Fani,.e 1 ci~hfoC'et I 'V
metric mnemonic, but the dar-, needed ~cans ,r e J.

no relationship t'. this anLticaL '-te: . A,- r' 47-t,
question may aj~.m'-r e thir~ on -,-

.f the quest -ions 1d..'~~-

o L- con fu si ng. Te e' 1 '~" 7, ' 1f- .

scuri es for qu;t: fT 1 'rjn'

terms '' r., -

to be foun-1 ,i the -frr n fr

inotesG~~

inc --ose W e weiqtin u " ry- %'e~.
to Qpnereato a -- ()re of o ir er A wh'-T I

* app r -Pria71te. pes '- a - - ~t
lack An 7i~ 7 ~

* ~ ~ " Cv>~y a1 rY: S ~ ~ -''-- a. I. c

VCan tnhe an;rt-yF-t L~curf: th~s-i i- I on ~ %iv i-- .at -,r t o
be used (for an N/'A score) or iIt may be h a Y t -i ire 11 .is' .nu: 0

undocumented (for a score of 0".

3.4.2.1 Metric Comment Categories

The worksheet evaluation task involved answerino: 327 metric elements.;
*with 850 questions appearing on the 5 works;heets. 0f the- rtlc

elements, 153 (47%) received prob-,le7m -omments of onre totm or a'iot!heT.
Of the questions comprising these elements, I-' 3.> rer-ived rche
comments. %.%.

The types of problems encountered during workshe-t evailuation can he -
*grouped into nine categories, with many of the me' -iios -commented upon

for more than one problem. These categorief- a-. voe in earlicr in
Table 3.4-4. The following paragraphs describe -Ih -1 t-he cat-rories

* and provide examples of each problem.
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TABLE 3.4-4 METRIC PROBLEM CATEGORIES "

CATEGORY PROBLEM

1 Question is inappropriate for the worksheet level.

2 Question is confusing. *'/.-

3 Question generated a miscellaneous comment (e.g. decompositio
needed, question dependent on previous worksheet).

4 Question is too subjective.

5 Question requires an "all or nothing" response.

6 Question contains a typographical error, or some other
format problem. "-,." -'

7 Question is a duplicate of another question on same
worksheet.

Calculating the question's score involves dividing by
zero, or there is some other scoring difficulty. .. ' -

9 Question should be in a block of questions that are*'
nested by topic. ''

P, %. %
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Category 1: The question is inappropriate for this worksheet level.
Some questions were found hy the analysts to be inappropriate for the
phase or level under analysis. For example, one would not expect to see
data flow diagrams and discussion -,, control flow in ifigh-level
requirements documents. The e-xample question bel1ow, however,-r
specifically calls for this ir.furmation. The Data 11-- Des._ripti-rls foi .___
DOD-STD-2167 do not call for tfiis -ifra~o t tI equai rements -1"vei,
Thfe System/'Seameint Speci ficatlo QI "APr-80OC ,R exaiple, %es ooz
contain a reui' 'tfor th tp -Iai 7t~ 1-. req e,~r-'~ .

thal z-unctiona 7'. be slhow T- 7''r
floN -as cPposr;:- O '0 '

re-oui roment s do um;~ p
rc -- oxmen"d rena-,' nQ S
ths tv-c cf 'Te-tii:

t% %. '

Cae orcat 2:' ( qet !-i of_,ir

_.r r" mietric r~l(rw -;it i G4 1-a- t -

"to'e'' i "' Le -'~ ne~essarv t' -x ,Ia~ rhi
con-- Some~ I- - l-a'no'' on the (Io f'S ar r-; J"*

e's % .

Worksheet 3B, Questi on AP. 2 (l 7 Ti thr 1 '" ro'' Q r'-e
from specific data storage an~d r~r ' references (Pc a data
symbolically defined and _referenced?7

SAIC's reconmmended solution for this p)roblem is found in ar s
4.4.6, 4.4.7, 4.4.8, and 4.2.3. We recommend trainino, te supplied1 a an
aid to standard worksheet evaluation, --nd that a gossary, mfrt T'L'
examples, and standard procedures he developed.

Category 3: The question generated a miscellaneous connrnt. ',ins
category includes questions that could be decomposed, that were
dependent on answers supplied in a previous worksheet, that should be
moved from a unit-level worksheet to a CSCI-le-.'ol .orksheet, and that
contained content with which we disagreed. C7omrondr -luestions ask one
question about several different things and become difficult to answer
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when not all the answers are the same. Complex questions force you to
answer several questions before you have enough information with which
to answer the "real" question. An example of a compound question is:

Worksheet 1, Question TN.l(l). Are there requirements to
provide lesson plans and training materials for operators, end%
users, and maintainers of the CSCI?

Some questions are asked for each unit, but we recommend that they only
be asked once for the complete CSCI. An example of this is question
AM.2(7) for Worksheet 3B. This question implies that each unit should
check for all data. We recommend moving the question to Worksheet 3A,
and changing it to read: "Is a check performed to determine that the

,', -. -.

data used by all units is available before it is used in processing?"
The original Worksheet 3B question reads:

Worksheet 3B, Question AM.2(7). Is a check performed before

' .. %

processing begins to determine that all data is available?

Since we required analysts to answer all questions (even if not
applicable to the decision aids), they noted several questions which
were dependent on questions answered in prior worksheets. The S
consistency questions are an excellent example of this problem. Early
questions concern the existence of standards, while later worksheet..
questions relate to complying with these standards. we believe it would
greatly help the worksheet tailoring process if lists of these related
questions were made available to ensure that they are consistently
tailored out. An example of this relationship is:

.7orksheet 1, Question CS.io). Have specific standards been
established for design representations (e.g., HIPO charts, program
design language, flow charts, data flow diagrams)? ,%

Worksheet 2, Question CS.(). Are the design representations in

the formats of the established standard? i.' 5

Some questions contained content with which we disagreed. An example of
this is question AU.(2) on Worksheet 3A. This question requires

estimating source code lines at the design level. We believe this
question can give misleading results, as the estimation of lines of
source code is very subjective. The question reads: q

Worksheet 3A, Question A .r(2). How man estimated lines of
source code, excluding comments? ..

Category 4: The question is too subjective. These questions contain
qualitative adverbs like "minimally", 'typically", ecompletely", 9

it ". ,, 4

clearly", and "precisely". The answers to these questions depend .

totally on the analyst's subjectivity, and may not be an accurate
reflection of the software being evaluated. The surjective quality of
these questions also limits the value of comparing scores for products "
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that were measured by different analysts. An example of this type of
question is:

Worksheet 2, Question AU.l(l). Are all processes and functions
partitioned to be logically complete and self contained so as to
minimize interface complexity?

By supplying guidance and procedures for these types of question, some
of the subjectivity can be removed. In addition, we recommend that
certain questions be answered by more experienced analysts -- these
subjective questions fall into this category. These recommendations are
discussed in paragraphs 4.4.1, 4.4.6, 4.4.7, and 4.4.8. Such quLi i,_..
as these are difficult to automate, unlike more countable elements lik.
lines of source code. It is not the goal of this process, howevet
eliminate experienced and competent experts front the evaluaticn proc725.
Rather, the focus is to automate questions that do not require a grO aL
deal of judgment, and supply analysts with the infcrmation nu-ce t , .

. answer the remaining questions ;L: an effective and efic_-ent mar.iez.

* Category 5: The question requires an "all or nothing" response.'i 5  , ,
category consists of questions that have the woLd 'ali" inr therr. The
question is both difficult to answer and potentially misleading. The .,"1 -

of "all" leaves the scope of the question up to the particular afalys.
answering the question. For example, if the question concerns "aK ,
hardware errors", can the analyst be satisfied with answering the
question regarding all the hardware er_ors mentioned L. the
documentation, or must the analyst consider all the hardware e-ro- _hat
could possibly occur? The answers to these questions may not accuLately
reflect the true stEte of the product/document, because the in-Dtan _e
where only 1 out of 1000 fails is scored the same way as the inltance
where 999 out of 1000 fail. An example of this kind of question _s: ..

Worksheet 1, Cuestion CP.I I). Are all inputcs, puoeeosing, aiid
outputs clearly o<id precisely defined?

In general, SAIC recommends that these questions be cetained as written -""
for now. This is discussed in paragraph 4.4.10. Procedures can also , '.A
help solve this problem, as shown in paragraph 4.4.7. The data
collection workbook described in paragraph 4.4.1 could also be used as .. *$

a partial solution to this difficulty. The workbook could be used to
record the analyst's assessment of the severity of an "all or nothing"
failure. The analyst would need to be fully qualified to make such
judgments (i.e., of a certain experience level), and this is also
discussed in paragraph 4.4.1.

Category 6: The question contains a typographical ertor, or somne other
format problem. Some questions contain typographical errors, or have a

problem with the format in which they are prespnted. While this
category does not cause major problems ir general, it is an area that
needs correction. As engineers at PAR lechnoln-v rt-,,f, the softwarequality measurement process should itself be of high quality. These

0
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sorts of minor errors may cause the software community to perceive hJ

software quality measurement in an unfavorable light. An example of , - ,

this sort of problem is:

Worksheet 3A, Question SI.6(1), Part d. How many unique operations?

The word "operations" should read "operators." This and similar

problems are discussed with recommended solutions in paragraph 4.4.3.

Category 7: The question is a duplicate of another question on the same
worksheet. Some questions appear on the worksheet, with applicability
to different critetia, more than once. This is not an error and dc;-s
not imply that the.e s smethirg wrong with the methodology, but ii is
in extremely inefficient data collection technique. Examples of this
are shown by:
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Paragraphs 4.4.7 contains SAIC's proposed solution to this problem,
which is to provide guidance for the analyst as to how to score a
question in these situations. /,-

Category 9: The question should be in a block that is nested by topic.
For these questions, an answer to an earlier question can eliminate the
need to answer subsequent questions. In the example below, a "no" or
"N/A" answer to question CL.l(2) means that the subsequent questions
should also receive a "no" or "N/A" response. There should be no need
to spend extra time re-evaluating the subsequent questions.

Worksheet 1, Question CL.I(2). Is there a requirement for a
protocol standard to control all network communications? 4

Question CL.I(3). Is the network processing control part of the .

network protocol standard?

Question CL.1(4). Is user session control part of the network
protocol staniar? -

Question CL.l(5). Is communication routing part of the network .1? 0 .1
protocol standard?

%

Question CL.1(6). Is uniform message handling (e.g.
synchronization, message decoding) part of the network protocol
standard? 9

The use of a formal data collection workbook, described in paragraph .'.-.

4.4.1, is SAIC's recommended solution to this type of problem. ,

3.4.2.2 Distribution of Comments

This section deals with the number of metric elements reported as having
problems and the relationship to the number of elements comprising the .

criteria and factors. This information is calculated separately for 0_e
each worksheet, but not for each aid. For the purposes of evaluating
the methodology, the aid being analyzed when a metric problem was
encountered is not meaningful. .

There are a total of 73 metrics that have their metric element questions
asked throughout the 5 worksheets. These metrics are composed of a total
of 327 metric elements, with 850 questions asked in all 5 worksheets.
Of these 850 questions, 317 (37%) were reported as having problems by
SAIC analysts. Of the 327 metric elements, 153 (or 47%) were reported
as having one or more problems.

These problems were grouped into the nine categories discussed above. % %
Figure 3.4-3a shows each of these nine categor:ies. The figure also
reflects the relative number of metric elements reported for each of the

0
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categories. As an example, 19% of the metric element commnents fall

*1 ,.

into the category of "All or Nothing" comments (see Category 5 above).
Not only were varying numbers of metric elements reported in each
category, but the categories themselves are of unequal criticality.

Some of the categories are in the nature of formatting problems. This
means that they concern typographical errors, duplication of questions, N

questions which could be nested, and other minor problems. These
questions can be easily solved by reformatting the worksheets. This
includes Categories 6, 7, and 9 (errors, duplication, and nesting
level), and represents 17% of the problems uncovered.

Other questions are more of a procedural nature. Unscorable questions,
for example, can be handled by instituting procedures to guide analysts.
This includes Categories 4 and 8 (subjective and unscorable), and
represents 31% of the problems uncovered. 5

The final, and we believe most important grouping of categories, is more
of a content problem. These Categories are 1, 2, and 5 (inappropriate
level, confusing, and all or nothing). These problems require changes
in the questions themselves, and comprise 50% of the problems uncovered. -N'

(The remaining 2% of the problems identified, in the miscellaneous
category, were not allocated to any of these three groupings.)

The difficulty in correcting these groupings of categories will vary.
Formatting problems are relatively easy to correct, and will not likely
generate much controversy or discussion. Procedural problems are
somewhat easily corrected, and can probably be accomplished without a
great deal of discussion. The content problems, however, will be harder
to correct without a great deal of discussion and information
interchange among the Government agencies and contractors currently NA

active in the metric community. Future contracts and technical .
interchange will help to solve this problem.s ae

The metric elements combine to form a total of 29 criteria. Several of
the criteria were not reported for any problems on any worksheet. These
criteria are distributedness, effectiveness communication, effectiveness
storage, generality, system accessibility, system compatability,
tracebility, and visibility. The remaining 22 criteria were reported
for between 15% and 100% of their metric element questions. The criteria
accuracy, functional overlap, and virtuality had the highest percentage
Te metric element questions reported with 100%. Figure 3.4-4 displays
the ta for all criteria. "-

Figure 3.4-5 illustrates the percentage of the comments on each
criterion, relative to the worksheet involved. For each criterion, the
figure shows the percentage of metric elements reported out of the total -
present on each of the five worksheets.

The criteria are combined to form thirteen factods. only the factor
INTEGRITY did not have any metric element questions reported. The
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highest percentage of metric elements reported was 80% for the factor
RELIABILITY. This was partly due to the high number of questions
reported for the criterion anomaly management. Figure 3.4-6 displays -
this data for all of the factors.

A..

3.5 Metric Scoring

Based un the results of the worksheet application for the decision aids
aid phases, scores were calculated for each aid for the requiLements;,
preliminary design, detailed design, and coding phases. Scores ,.'ere
cal-ulated in two fashions: one method counted every question, every
metric element, every criteria, and every quality factor. The other
method counted elements as specified in the SQM methodology. Both of
these methods were used because of the reseaLch nature of this
evaluation project. All questions were counted in order to gather data
about every metric element, and the specified questions were counted in
-'der to follow the guidebook methodology as closely as possible.

S3cion 2.D contains the results of this scoring process. As was
:.pected (because of the quality of the available documentation), scores
did not achieve their desired levels. A discussion of this problem is 0
included in Section 2.

During the scoring process, only one new problem was identified. During
use of the scoresheet for the EFFICIENCY factor, an error in the format
was discovered. This is a presentation error only, and can easily be
corrected. The recommended correction appears in Section 4.4.4.

.
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4.0 RECO)MMEKNIATIONS AND CONCUSIONS -

Based on problems encountered uJ software qua,'iT. evaluation, SAI'_ 4" %4

has compiled a set of -onc 'si-, -i; and recomne, ded Mr~etho-dol c<P,' % "-
modifications. These concluio1.n: r dfiain are d,.scussed in ,4,
this section, which is organized- , a -1 -

: .,s: %- -'

~1

a Section 4. countans conclusions arawn by aC based on the AIC $

project work performed.

" Section 4.2 presents generai Lecommendations fcr changes or
additions to the methodology which are applicable to the
entire acquisition process. e

* Section 4.3 includes recommendations for modifications to the
methodology which are ar'piicable to the specification of
software quality reqciil_ments. These correspond to changes -

recommended for specific paragraphs in Volume II of the
guidebooks.

e Section 4.4 discusses recommendations applicable to software ..-

quality evaluation. These correspond to changes recomiended_
for specific paragraphs in Volume III of the guidebooks.

4.1 Conclusions

SAIC believes the SQM methodolocy recomrmended in the guidebooks is sCoY
and that it can be very useful to the acquisition manager. The ma%,,
of presentation in both volumes of the ,Tuidebooks can be irnroved, .

specific recommendations for improvements are listed below.

The resulting estimate of system quality determined using the 5"-
methodology corresponds to that subjectively and intuitively dete i-:,o
by the analysts assessing f-oth aids. Analysts feIt that the
documentation and structuring of the code were such that h "
numerical scores received were justified. However, these sc -s do .
mean that both decision aids are "bad." The aids were intended to be "% . "
prototype, proof-of-concept developments. They were never meant to be
used in the field, nor to access actual intelligence data bases. Thf 0
aids were intended only to show the usefulness and meaningfulness of the
concepts in battle staff management. For this reason, it is nt li. ,'-,'
that the added expense of software with high-quality development
needed or appropriate.

The reaction of the software developers at P,--r Tchn'ology is , S
indicative of barriers to be crossed before the SQr methodology ait, he
accepted across the DoD and industry. When present-d with many of the
metric violations, the developers often seemed t- f, that there was io
need for the system to meet such a standard be "-s f -i!-se it w"o-,d
be included." For example, commenting need not he ,, tsred because any
good developer heavily comments code. when measured, however, we often
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example Asi the legho modles-- om wer ove -00 Aie long Jq

N. -. ..

found that they did not in fact follow this basic standard. Another
example is in the length of modules -- some were over 1000 lines long
and only lightly commented. We believe that pressures and schedules
forced short-cuts that were unnoticed because only implicit standards
existed. When the development and acquisition communities accept eN
explicit standards and assessment, this problem will be greatly reduced.

4.2 General Recommendations

This paragraph contains recommendations that are general in nature, and
apply to the methodology spanning the entire acquisition process. They
do not reflect any particular paragraph or area in the SQM guidebooks.

4.2.1 Guidebook Reorganization

The SQM -uidebooks are written in a style that mixes theory with the
methodological steps to be performed. There is some separation in the
organization of both guidebooks, with Section 4.0 of each basically
containing the procedures to be followe-? Crr quality specification and %
evaluation. However, it w;ould bhf better trj further separate these
elements. Section 4.0 of hoth volumes should be lirectly concerned with
procedures to be executed, and contain clearly labelled examples of each .w'"
of the steps. The theory and justification for the steps, along with
explanations of the measurement technoloyj, should all be contained in
the earlier sections of each volume. We recommend retaining the
"stand-alone" nature of each volume, with both volumes containing theory
and explanation as needed.

4.2.2 Continued Research . ..

We also recommend 'hat experimental work he continued tc prcvide a
rea]-woid" basis for the contentions of the measurement methodology.

The techniques and procedures described wi 11 be much more acceptahl- to •
arquisition mananers and developers when ,xlrenJmentally 2erified as . -A
being cost-effective and beneficial to ,-jrects. .5-''

It iS very important that work he c-t inued o establish the %'
relationship between the SQM m-thodology measurements of quality and the
perceived, real-world cality of systems. We need to validate ,That-
scores mean and how important relative differences are. We need to -

provide a method for the acquisition manager to understand what he is .

receiving when a score for quality is measured at .- P, for ,-xamrle, a."
opposed to .95. This double focus -n specifying what the rranagle.
requires, and providing information as to what t ivt means in real ,orld
terms, is important. No project exists in isolatimn, and methods for
providing measurements and infermnition across projects is important. .

Until we have full data for determining what sr,'"- ml <I-ults mean in ".
absolute terms, we are concerned the the . ,QT .... ',:,:il mpp,,i' .S.
arbitrary. Metric question weights and contribt' ii ), t 1tal serOes i - -
one area that reflects this concern. For example, conside the
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- omputation of the crite.-ion anomy !qanagement, eto detemin the -
$factor RELIABILITY. At the preliminary desian phase ,[wcrkshe -t 2), the %P J,.Comunication Errors metric ...... o four % (AM.6._

through AM.6(4)). At both the svst' software recuiroments analysis
level and at the CSCI requirement , - Ws~sheet -ind Worksheet 1,
the only metric element that comp fE*DcT,niLa>Th Eli rs metri:
is M.6(l). This means that at th . e .. f .inc Ih value of
AIM.5(1 is automatically weighted a: re iminarv Jes': as 4 of that
of the requirements analysis h s, mz , ecu-o th-r are 3 .'- , m
additional metric elements for the prel-irinarv desi phae.

Another area, of r a earh conerosi t s me- : est: ns that ar
applicable tc suoh ar-.as a; de-:: . a:d a :k.?..,e.jcbased systems, as
well as such srciec_:- -s rda:&. base nv.<rne:" systems. Tnese Inore
specialized systems -:,.iestrurres that az, not easily measured under
the more Fortran-or' lnto exir_'n metric element :iuestions. Examples
of these systr;-, are t: e u,:,.ainin- data base mi: igement lanauages,

4 -. rule-based svstems, svst -ms usinq non--von Neumann architectures, highly
* distributed systems, and .-rystems wri'en_ usriq non-procediral lanquaces. I J*

Some of the metric factors, such a;, INTEGRIT, do not have qcjestions
across all rdbases. These voids indicate that -.e need to look at
specific areas in order to generate more metric elements and metric
element questions. Each factor should be traceable through each phase
of the development process, and should have representing questions on
each level of worksheet. Further studies, particularly of the newe
systems described above, will help fill this gap.

Automation of metric evaluation is important, and is an area already
undergoing research and development. In addition to analyzing the types
of questions that may be counted and evaluated automatically, we believe %
consideration should be given to the questions that provide the most
information (see Section 4.3.4) and the skill level of those analysts *%i,-.,.
who can answer the questions (see Section 4.4.1). In addition, -.e
recommend that efforts concentrate on the questions contained in

* Worksheets 3B and 4B. This is because of the application of these
worksheets. Questions on earlier worksheets are completed once for the

" system, or once for each CSCI. Even in large systems, the number cf
CSCIs is generally small, and question evaluation relatively rapid. For
even smaller projects, however, the unit-level questions of 3B and 4B
are repeated a great many times. Each of these questions must be
answered for every single unit in the system, and this can become an
extremely time-consuming tasks. Any automation efforts on the.
worksheets will provide a high level of return in reductio'n of human
labor requirements.

A great deal of work has been completed lately concerning the guidebook
methodology and other metric efforts. This work should be integrated
into a revised and enhanced approach and guidebo.4:.

4
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4.2.3 Training--

SAIC recommnends that seminars be developed and offered to acquisition. ..-- i
managers to train them in the use of the software quality measurement 'r,
methodology. A one or two-day seminar would allow the acquisition
manager to receive materials on the methodology, to be able to discuss % %'
its use, to ask questions directly of experts, and to engage in __
round-table discussions about the methodology and its worth and
usefulness. Such seminars or classes make a great difference inil....[
uriderstanding a system and its use. It is easier to understand even ...
technical and detailed instructions once a thorough background has been
acquired. This will also help motivate the acquisition manager to use '
the methodology and continue his education about its featuLes. ,-$-

The specifying of software quality goals would be aided by automating -
the goal specification process in the form of an expert or %.,<
knowledge-based system. This automation would help the acquisition .'i
manager effectively ard quickly specify qua'ity goals. A class and ,
demonstration for this system would be effective in increasing ."',
acceptance of the metric measurement p)rocess. -

in addition, we also L ecommend training classes andior- materials be - -

created for those w ho will he collecting data and evaluating the .?[
Vorksheets. This tr-aining would greatly aid in reducing subjectivity, :"'-,
-arid in allowing evaluators to share their knowledge and experiences.
The automation of metrics, using such tools as the Automated Measurement
System, will also be enhanced by providing training. The training could
iniccease SQM technology effectiveness, and thereby increase its .
acc,,ptance by the software community in general. "
4.2.4 Framork Modifications

SAIC recommends that the basic metric framework be retained, but does •

lla -f some specific .ecommendations to improve it. The recommended " O$,
changes are mino, but we do not advcat re substantial changes until-more to reen gathered validatin . framework This data will be
used to support the relationshipsc y existing (metric to criteria

[ to factor), and will aid in establishing new relationships.

rune recommended area concerns the quality factors EFFCIENCY and
usEROPERABILITY. As cirrently implemented, both of thee factors
basically measure how well the system meets its own requirements (e.g.,tan eis as efficient as il rearlsted m o be, o opea tes with other system e-...
eas required). Neither facto provides infonrmatn in absolute terms.

INTEROPERABILITY, in ptareiuar, does not assess the future ease f
connecting to other systems, m tasures only if the system can be

connected to those specified is. n reoiremde documentation. SAIC
recommends that more research p_-nducted cn-rty glhese two factors d
emin particular. It my be that th should e i irn the facto .

level of the framework, and placed undes the tt CORRECTNESS as

adcriteria. w oe acat l

created.•. .-.- . - .. .. _ 4-4 fh cletn data and evaluating the

--:-or-.-e.ts..This.training vould.greatly.aidi,.reducing-subjectivity,
"nd....v.'in..-allowingv-... valuatorstosharetherknowledgeandexper

The~~~~~~~~ ~~~~ auoainoercuigsc tosa h uoae esrmn
Sytm il lob ehne y rvdnqtann. h riinZol
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In addition, two of the quali~y factors have fe-w metric elemrent '
questions to calculate their ValueS. Both INqIEGFITY andUSBLTned
to be evaluated for furthe-r c.-ite_ -ia .¢ metr ic i .estio creation. t%.

4.3~ Quality Goal Specification R_{ ain

Recomm;.s~endations and --,nclusions 'otie n tl is se.Jnare aplcai,
to Volume II of the SQM g uidebookc<, the Sof -.: are. Piaiity -Specificati.onP

.%%

Guidebook [BOE-2]. ,9 ]

See: Guidebook VoILui,per Para3. ". 1.3. 2, "- Fuan:I f icaticn of Relat ion-ships.. -

one of the early tasks to be performed by the acol,.isition manager is the %specification of goal scores for the quality fact s. Part of thisprocess is the considerr,"ion of the relationship amond juality factrs.

This relatioehip can be of a pos iive ntuic orit can be neaative. 0

The software quality measurement (SQM) methodology states that -he
factor EFFICIENCY is interrelated with all other factors (exceptcs s.oi h e nr p a

CORRECTNESS) in a particularly negative way. This means that the more 6
efficient a system is, the less high its quality can be when measuredfor other factors. Volume II of the guidebook pres e nts information in
Table 4.1.3-3 that shows these negative interrelationships. EFFIC,_

has varying negative impacts on every other quality factor, except for";'""
the factor CORRECTNESS. These contentions seem to be intuitively valid.-'•".

The measurement technology (i.e., worksheet evaluation), however, does
not support this in any way. The only criteria applicable to the factoraris
efficiency are effectiveness-communication, effectiveness-processing,
and effectiveness-storage These relate to no other quality factor.
The metric elements related to thesie nature not used for any other

criteria. . -..

The nature of these metric element questions, summarized for reference

in Table 4.3-1, does not bear out the contention of negative impact. Thecomplete satisfaction of each question (i a score of or yes
for all elements) would not cause a negative impact on any otht factore

A high quality score on EFFICIENCY and simultaneously on t e mealt
factors is perfectly possible given the present framewrk. ifE belien
however, that EFFICIENCY does have a negative relationship to ther
factors. This negative relationship should be reflected in the SQM
framework. (Positive rel n(i. wre eis uation) the end of this -
section. ) ae e moe e

andeffctienes-sorae. hes rlat tono the qulit fator *-. -,

Any negative relationships among the factors should be supported by the

S"N%

sharing of common metric elements. If EFFICIENCY has a negative impact
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TABLE 4.3-1 SUMMARY OF EFFICIENCY METRIC ELEMENTS

WORKSHEET/MNEMONIC QUESTION

0 EC. 1 (1) Performance requirements for communication
EP. 1 (1) Performance requirements for processing
EP. 1(3) Optimizing comipler or assembly lang. -'

EP.1(5) Overlays required
EP.2( 1) Data storage and processing .
EP.2(2) Efficient processing required
EP.2(3) Source code supporting variable initialization ,
ES. 1 (1) Data storage requirements
ES. 1(2) Virtual Storage -

ES. 1(5) Dynamic memory management
ES. 1 (7) Optimizing compiler .."
ES. I(8) Avoid redundant storage

I EC. 1 (1) Performance requirements for communication
EP. 1 (1) Performance requirements for processing
EP. 1 '3) Optimizing compiler or assembly lang.

P. 1 (5) Overlays required
EP.2(1) Data storage and processing
FP.2(2) Efficient processing required -

EP.2(3) Source code supporting variable initialization
ES. 1 (1) Data storage requirements
ES. 1(2) Virtual Storage
ES. 1(5) Dynamic memory managementOp,,n-d,,n co'

ES. 1(7) Optimizing compiler
ES. 1(8) Avoid redundant storage .

2 EP. 1(5) Overlavs used

EP.2(2) Storage organized for efficient processing
EP.2(3) Source code allow variable initialization
EP.2(6) Efficient processing of related similar items
ES. 1 (2) Virtual storage
ES. 1(5) Dynamic memory management
ES. 1 (8) Free from redt:ndant storage ",;'
EP. 1(2) Loops with non-lcop dependent statements
EP. 1(4) C mpound expressions recalculated needlessly M,
.P., (6) Bit/Byte packing/unpacking needlessly in loops 0

EP.2(4) Arithmetic expressions with different size items
EP.2(5) Mixed data types in arithmetic expressions
EP.2(7) Data item modified
ES. 1(6) Data packing operations

4 EP. 1(2) Loops with non-loop dependent statements S
EP. 1 (3) Uni, optimized for processing efficiency
EP. 1 (4) Compound expressions recalculated needlessly
EP. 1(6) Bit/Byte packing/unpacking needlessly in loops ,
EP.2(4) Arithmetic expressions with different size items
EP.2(5) Mixed data types in arithmetic expressions
EP.2(7) Data items modified 0
ES. 1 (6) Data packing operations " "

% _%%.%
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on RELIABILITY, then common elements should ensure that a higher score
in one means a lower score in the -:ner. Otber-,ise, the factors are
independently measured and no -LD-ctonship .ttihutes need to be
considered. -

This will likely mean that . ements must be cor'aide-ed in %
pairs. As an example, ccrside t1i f-om woBksheet 4- M.•8) ,
"Is temporary storage )i.e. wor!_s:-_xe reserved3 Lot intccz,3idiate or
partial results) used only by thic unit- iring execution (i.e., is not
stor2d with other units)?" For the criterion modularity, this question
would contribute in : positiv- fash io. A "yes" answe-7r w, ould receive
score of 1. In contrast i. is I =or efficient use of memory space t,-
share storage. This eans ah "no" ar , oul- r ceive 3 score -f
1 relating tc the ccit2 -o, effr7-ivens. r-torase. To accc n!iish this,
it is possible that the question could be paired, as sho.n below.

MO.1(8) is temporary age (i.e., workspace reserved for 10
intermediate or partial results) used only by tnis iunit during eo
execution (i.e., is not stored with other units)?

ES.x(n) Does this unit share temporary storage (i.e. workspace
reserved for intermediate or partial results) with other units %
during execution?

This "paired" approach fits in effectively with the workbook methodology
we recommend below (paragraph 4.4.1) for data collection. The data
would be collected once using the workbook, and then used to answer each
of the two separate questions. This means that no additional work would .
be required to gather the paired data items.
Existing questions can be used to build this interconnection among

related factors. Table 4.3-2 is a partial list of these existing
elements, along with the newly-developed "pair" element. These elements
are too few to fully justify the relationships we believe exist. This
means that more questions are needed for each factor so that calculated
values will correspond to real-world observations.

One advantage of this paired relationship is in its effect on the
tendency of metric methodology users to try to force every score to a
value of "I" or "yes." Some users have believed that the purpose of the .
technology is to create a resulting system that has every metric element
question answerable with a "yes" or a full score cf "I." The technology
actually goes beyond that, and is an attempt to reflect system quality
in a cost-effective manner. This means that some 'lacks" in a system
should not be corrected, because the cost would not justify the
benefits. Paired metric questions would not allow -il scores to teach

" "1", and would better reflect the situations existina in industry today.

Also to be considered in this regard are the c-mplementary factor
relationships described by the guidebooks. F ,, quality factors
(RELIABILITY, CORRECTNESS, MAINTAINABILITY, and <ERIFIABILITY) are

4-7 %

% S. % A % %.,~

AR~~ .' . . '--:- ~- .V-



TABLE 4.3-2 "EFFICIENCY" SAMPLE PROPOSED QUESTIONS

WORKSHEET/MNEMONIC OUESTION

AM. 1(2) a. How many error conditions are required to be
recognized (identified)?

b. How many recognized error conditions require
recovery or repair?

c. Calculate b/a and enter score.

EP.x(n) a. How many error conditions are required to be
recognized fidentified)?

b. How many recognized error conditions require .
recovery or repair?

c. Calculate 1-b/a and enter score.

AM. 1 (4) a. f-low many instances of the same process (or
tunction, subfunction) being required to
execute more than once for comparison
purpose '?

c. ... '..-

EP.x(n) a. How many instances of the same process (or
function, subfunction) being required to -'. -
execute more than once for comparison %
purposes?

b. Calculate 1/(a+1) and enter score.

d.,% sr

AM.3(2) Are there requirements to range test all critical -. '.
(e.g., supporting a mission-critical function) •
loop and multiple transfer index parameters
before use?

EP.x(n) Is the CSCI free from requirements to range test
all loop and multiple transfer index parameters .
before use?

V.
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TABLE 4.3-2 "EFFICIENCY" SAMPLE PROPOSED QUESTIONS (Con'd)

\VORKSHFFT/MNEMONIC OUEST -

'AM.3(3) Are there icquirenients to ranee test all critical
(e.g., supporting a mission-critica! function
subscript values before use?

EP.x(n) Is the CSCI free nf requirements to range test
all critical (e.g.. sapporting a mission-critical
func.Ion) sub- cript v,dues before use?-%

"a,,

AM.7(2) Are there requirements to periodically check all •

adjacent nodes or interoperating systems foroperational status? % .

EP.x(n) Is the CSCI free from requirements to
periodically check all adjacent nodes or
interoperating systems for operational status'? 0

AP.4(1) Is there a requirement to avoid or to limit the
use of microcode instruction statements?

EP.x(n) Is the CSCI free from a requirement to avoid or
limit the use of microcode instruction
statements? ."F
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described as being complementary to all other factors. Low scores on -.

any of these factors mean that other quality factors, even if high
scores are achieved, have to be of lower quality. SAIC agrees with
recommendations by other contractors that this complementary % %
relationship should not be included in the quality factor framework.

Factor quality scores should indicate quality, regardless of the scores
achieved for other factors. This does not mean that the factors have no
overlap, but all measurr- neceL sary for a factor should be evaluated
with that factor. Measures should not depend on other scores (e.g., -.-

INTEGRIUY is not high unless the four factors listed above are also
hiyh). We recommend that the applicable criter .a of the four factors
that are ronsidored to he complementary he inclujed in each quality
zactor in the framewock, so that each may stand alcnp. This common set
of data will likely ensure that th- score for a fac--r suCn as INTEGRITY

-rannot be h:ic h it scor.-s for tho four -oin.Inmentary factors are low.
,esearch frs will need t- identify 'hat these applicable criteria

-.3 2 Quailty Facto- Definition

So.:; %iiehbok Vc'lume I, Paragra[hs 3.1.. r 4.1.2.3, "Factor Defi-
i ions and Rating Form,!as", and "QJ-3]ity .. irments Suivy"

-he Qrl ' v ebook def~nes ,cftware quality in tw,; table- fVo lum %

i, rabiLes 3.1-1 and 4.1.2-4. volume iZI, in Tables 3.1-1 and 3.1-2, .9.)f

,: to same infotmati-rn. These defin~ti':us, ';h'.,-u here in Table-o- refereuo , are "'ery mis!ea'1 ir-cc. 7T' i- absc..utly no
' ',' e t, late ths the cal culated -'r. f P F 1E 'CY, f',,r exA7'pie

. the n-uLci,. in th-' 'rr rc"] Ihis formula h."

ei' nerl -f Uh'm rat o -i act ual t, ;- I-Ir-- - ' -o- may Inee e a
r<: ':mae ment of efcency, hui: crT 1 etes t,, the numbers

Late! - f-hre f a tor 'FTICIFrY MT -m n in these tables
I., 'Iat spe'-' fyi -T al f 9 >a ,fFT r:,1 r-ejvnqg a score !f

i is ng !h ... wo -sheets, me, t- - , , - s'red resure
-i Ii sation .9 .,- of -- 1 ocjrfi.con hcs nt -.

.

h,- n ve ii' y r-. t n- (I" I.y wrgIqhtin.g of
critera, as .. as the Ia -1 r-' --" ocments, the %"

rrelati:,nship is even more lif'. •

T he use of these dcfinitions thse r-w t ftware measurement
technology can cause difficulty. SAI, as in example, as hen:: involved
in the development cf the Joint Fe wrd 'ir Defense Test Bed tJFP D; for
the Air Force. Using the SQM lob"'rK 'be 1 F.AD proect ,ff ir--
requested that the system be b1'i + sich as " iihi"e a fiar ' "ality
rating of .996 for RELIABILITY. I " ct-r thi rating, using -

guidebook Table 3.1-i, by decidi':. , I c.1-r7;- to Jah 1000 ljr,es ,ef
code was an acceptable number. 1i1 -y r-r te" h the RElIABILITY
scores achieved at each phase would crflect thBt .....', -nd res.ult in a
fielded system that had 4 or less 9co-s , , ncfl 1 ,',s ,f ,rdp

*[ At this point in timp, there is no , ,ata ti sups,,t hat telationship.
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Table 4.3-3 Quality Factor Ratings

C-.

Quay faC-TOr f aling formuia Raturo ri-a on 01

AI.eO cecJ u"o l zatr % on Zatr
'
,5 tgo% 70% 50%

Eror 9995 0 997 0a99
ErrorP aPe - V 990 1 , 1 1020

______e _____, _____ L~oes of :,;oe I rrorst~ _____ _ 5'0.000 3,1 . 20 I _________

F- Er'ors va~ue 0 999 99 0 99,./",Rehabdhty 
0 99

- 'tres of oce Er'orsLOC 5/1 000 3,1 000 1(1000

Survability Erc ~Value 1)9995 0 999 0 99
lres o' ode E-ors'lC / 10000 3110 00 0000 1.

LaoOr-dav. o use V3;ue 0 5 0 7 09Usabilty 1- ,

Laaor-years tc ceveloo Davsivear0 6,20 , 00
Error Value 09995 09997 o o?99

Lines of code ErrorsiLOC 1 010 3i0000 .0 ..-

Mantainabilty 1- 0 1 (average laoor. -e _ ,1_ 9 0 95____.__

days to fx AveaQe tacor-cavs 2 0 i 0 0S

verifabity 1- Effort to 4erify Valve 0 -1 0 0 6
Effort to develCo % effOrt 60% 50% 40%

Exoandabity - ffort to exoand Value 0 09 095 %
Effort to develoo % effort 20% 10% 5Y0  

r% , p

Flexibitity 1- 0 05 (average labor- (e aoq 3..,%," **%.

days to change) Av q ays 40 20 10

Interopeab~ty - Effort to coume Value 09 095 099 .

Effort to develop % effort 10 5 1

Portablhty 1- Effort to transport value 09 0 95 0 99
Portability Effort to develop % effort 0 5 1

Effort to develop % effort 60 40 20 '.
"
F % e %

% % "

N,.% % .

Reusabilty' 1.- Effort to' -' ,% '" ..'", conve.rt V lue 04;.'., ".-..' 0' -. ,"; 6-'.,."-,"..-•.", -08, .%

,"Al

%* %

%~. % .5% %
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As research continues over time, formulas will be developed that show
what quality measurement values mean in terms of such things as resource
utilization, errors per line of code, effort to fix, and effort to
convert. At the present time, however, it is very misleading to imply
that we know what quality scores mean in terms of absolute numbers.
Currently, they are relative indicators only. We recommend, therefore,
that any reference to these rating formulas be removed from the
guidebooks.

In replacement for these formulas, we recommend using more concrete
e>amples and descriptions of the factors. These descriptions can be
dia--n from the criteria and metric levels of the measurement framework.
As an example, consider the quality factor MAINTAINABILITY. If the
a -iuisition manager is specifying that he wishes a system to he
maintainable, and if he is to later accept measurement of the level of
ai':r-evement of that factor, then he shocld have some idea of what is,

,idered to ;m-ake un a maiitainable system. This can be described in
'-Ts of what i7 going to 'e cited to assess how mich "maintainability"

i!s Present.

: e produ.rts of the development process that are assessed are both
o 1umeit s and software code itself. TZ the system is to be
-z- iatainabie, it means then hat the docoments and the source code

do'1 ' have cha :rteristics that promote naintainabililty. Using the -f

li-aateristics that are evaluate] has the added advantage of giving the
a-ctisitirn manaqer more insight into what i's being measured. Table
4.3-4 is an example of how this might be accomplished.

Boscuments should be accessible, well-st-,ctured, clearly and simply
witen, depict control and data flow, be indexed, be separated by .. ,
sjstem fturntions, and list all o:peratjonal capabilities. Standards -
s-ol, ld require such thins as commenting glhal data ad cmmenting

,iables. Code should he structured, inden-od, of reasonable size,
-. The framework indicaes that items hav,,!-- these characteristics

ar- asier to mantain. A table tht shows the product and the %
attributes that make it f higher . i y -. uld be useful. A

oFI-software orient'.d person shro ld b. ,bi- to _%se these tab let to
understand what is boina assessd and what the r-,va. ily factors indicate,
because the technitca] conenr ne-d not be hiah. he data would provide •
a positive look at what is mesvire, am, what toe -ssessment n)umbers
mean. %

4.3.3 Factor/Criteria Interrelationships

See: Guidebook Volume II, Paragrarh 4.1.3.1, ,ha r ri

The acquisition manager correla, .cem quait a -<r..with sofware
quality factors, and additi:na.. = orLpla - ' ;nftwarm quality
factors with the criteria which :onstitj.. 'I -, n. The present
methodology does not provide ade-juate dejr- T) T fY r< .ftware
quality factors in terms of the criteria. Thr muiiton manager who

4-12
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TABLE 4.3-4 SAMPLE "MAINTAINABILITY" DESCRIPTION

PRODUCT CHARACTERISTICS ENHANCING MAINTAINABILITY

All Documentation Accessible

Wel structured' --
Clearly and sImJ , ' written
Indexing scheme used

Software Standards and Recquir codc to have:
Procedures Manual commented global data

comment variables
Design standards for unit prologues, comments,

and unit structures •

Software Requirements Depict c:ntrol and data flow
Specification List all ,k)ftware operational capabil ities

Software Top Level Standardized design representation
Design Document Calling sequence protocol established

External I/O protocol and format established •
Error handling required
Functions always referenced by same name
Data representation standardized
Data naming consistent
Global data defined
Consistent calling sequence parameters "
Use structured design techniques, -_
Comply with standards

Software Detailed Follow standards
Design Document Units each have single name '4

Unit size small
Control variable passing minimized ,..
Local storage
Single objective in each unit
Single entrance and exit in each unit
Branching levels low 0
Control flow is top to bottom
Few negative or compound Boolean expressions
Few loops with unnatural exits
No self-modifying units

Source Code Comply with standards
Unique data names
Commented
Written in a high order languare
Data names descriptive
Indented and blocked logically
Single exit and entrance in each unit

4-13
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attempts to thoroughly understand teimpact of his direction at the ,-;
factor level upon the criteria at the design level must understand--l

definitions that are likely to be too technical•....'

./ .jP• q

ideally, goal specification could be conducted using an automated,",
decision aid which employs optimization techniques. Short of this ' ["

enhancement to the present methodology, providing a graphic ' .
representation of the interrelationships would enable goal specification

to be more effective. The inter relationships included would be those .between each quality factor (and component criterla) and the other
influencinq quality factors and criteria. cal.

Fi-ure 4.3- combines the information contained in several SQM guidebook

figures and tables, and represents the quality factor FLEXIBILITY, as an
examle. one such fipre for each quality facto would provide an
improvement over the c'.mpex methodology currently usedi The figure is
broken intt four iadrants: the two left quadrants are associated with

factors, the two rightl -quadrants are associated with criteria, the two ge-tbper moadrant c atc associated with ponhive influence, and the two

lower with negative. Arrows int the subect crality factor and its t-qr n

criteria indicate influences upon. them; aro-ws ou t. indicate the subject
factor and its criteria's influence upon athei factors and criteria.

This figure is shown as an example, and it is pssible to include other--"...-
pertinent information. As an example, costs associated with factors

cnuld be included in a graphic representaion. , ,.

Uing this figure alone, it is easy to cyorehend that the uality
eator FLEXBILITY is positiely influeated y tor wuld factors ofn
CORRECTNESS and MAINTAI NABI Ltw I l and negatively influenced by

r',IAB Te to dditionally, the fiue indicates the riteriaeta that
ee uaFLEXIBILI and those others wnich influence FLEXBILITY The
lrteria of consistency and traceability 'in te "positiv acriteria or

uppe r richt 7,uadiant) have a positive influenc:e on FLEXIBILITY, while
recciifigurability (in the "nc-gat"- criterLia" -r lower right quadrant),
has a negative influences This fic- demonst rates nine types ofsub

relationships:..

f Positive factors influencing this factor ft ad er

p Negative factors influencing this factor aoie wh cr

•l bPositive criteria influeneseti fo

" Negative criteria influencing this factorehn ta teqult

" Other factors which are Ppoiiively i nfluenbyth by this factor o

" other factors which are r. atiely influencd by this factor

i Other criteria which are positively inf lu,, " ti factor'

4-14
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" Other criteria which are negatively influenced by this factor

" Criteria which make up this quality factor ,

Cost ranges could also be included in the figure to indicate the range
of cost for the subject quality factor for system acquisition phases,
and additionally indicate the cost impact for each phase for each
quality factor that influences the subject factor. This would enable
the individual tasked with goal specification to see not only the cost
impact of the emphasis of the subject quality factor, but also the cost
impact of each of the other factors influencing the subject factor
positively or negatively, for each acquisition phase. These ranges
could be presented graphically, for ease of use.

4.3.4 Minimum Effective Set of Measurements

See: Guidebook Volume II, Paragraph 4.1.4, "Consider Costs"

Another method to aid the acquisition manager in the specification of
software q- lity goals would be to aid him in determining the most
cost-effective minimum subset of factors, criteria, and metrics to be
used.

F ;yure 4.3-2 displays a matrix of the quality criteria and the quality
factors to which they apply. There are 29 criteria used in determining
13 quality factor scores. The distribution of the number of quality
factors per criteria is displayed in the figure. There are 53
intersections of factors and criteria represented, which we call "cells"
",,L the purpose of this analysis. Those criteria which are employed in
t'e determination of 3 or more quality factors actually account for 49'
of the 53 cells in the matrix. Thus, temporarily ignoring the number of
questions per cell and the associated relative difficulty in providing "
the answers, the questions relating to the criteria of generality,
independence, modularity, self-descriptiveness, and simplicity provide
almost one half of the quality factor irf'ormation. These criteria are
only one sixth of those measured. 7milar analysis reveals that
modularity alone provides i5 (3 (:eiIs c B3] of the information, and
modularity, self-descriptiveness, and simplicity together provide 38%-
(10 cells of 53) of the information indicated by "x's." These
relationships are indicated in Fiqure 4.3-3. •

Each criteria is scored by avpraginq the values assigned to its -.
applicable metric element questions. The actual niimber of metric
element questions asked for each criteria is not significant. Be-ause
of the selection process, varyinq numbers of wmiesrions gill be scored -
across projects as the mechodoic .:, used. For this reason, we are not
analyzing here the number of - -ins used to ccmrute each of these ..
multi-factor criteria.

For reference, however, there A_ 1r n_' , .ti-'.ness metric
elements, 30 simplicity metric eements, r n t metric elements, -
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NUMBER OF FACTORS
PER CRITERION

ACCURACY

APP. INDEPENDENCE-

AUGMENTABILITY
AUTONOMY . ...

COMMONALITY,.

COMPLETENESS

DISTRIBUTEDNESS

DOCUMENT ACCESS

EFFECT. COMM.

EFFECT. PROC.
EFFECT. STORAGE

> FUNCT. OVERLAP

FUNCT. SCOPE

- OPERABILTY

RECONFIGURABILITY

,mSYSTEM ACCESS.

SYSTEM CLARITY

> SYSTEM COMP. ' .'-

TRACEABILITY

TRAINING %

VITUALUlY I S S

CONSISTENCY ,

ANOMALY MGMT.

VISIBILITY

INDEPENDENCE

GENERALITY 0
SIMPLICITY

SELF-DESCRIPT.

MODULARITY

FIGURE 4.3-3 CRITERION VERSUS NUMBER OF FACTORS
PER CRITERION
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14 modularity metric elements, and 7 independence metric elements.
There are a total of 327 metric elements over the worksheet set. This
means that 5 of 29 criteria (17%) contain 71 of 327 metric elements
(21%), and make up 49% of the factor scores when criteria weighting is
not included. One implication of is that these 49% of the metric
elements might be prime candidi't for automating data evaluation.
While some metrics are relatively easy to automate, even the more
sophisticated metrics would provide a great deal of information if
selected from this set.

A potentially viable alternative to full-scale software quality
evaluation with seven worksheets would be to evaluate a reduced set of
quality criteria. Since five criteria 'generality, independence,
modularity, simplicity and self-descriotiveness) include almost half -.f
the total number of metric elements, they alone could be used. This
would provide no information for the factors CORRECTNESS, EFFICIENCY,
INTEGRITY, and USABILITF', hut partial information would be provided fcc
all the other factors.

Another appoach that could be suggested to acquisition managers is to
measure, in the early stages of development (perhaps up to and inclu.dins
preliminary design), only those criteria whose quality factors have been
emphasized as requiring excellence. This could be used to drive
detailed design, which would in turn drive coding, in the intended
direction. In this manner, the evaluation required is less exhaustive
and focused early to ensure that quality is high where it is most
required.

The third potential approach, used already in some projects, is to

select a subset of quality factors. These factors are measured fully

for each development phase.

4.3.5 Functional Allocation

See: Guidebook Volume II, Paragraphs 4.1.1 and 4.4.1, "Identify
Functions", and "Review Requirements Allocations and Evaluation
Formulas"

The first step that the acquisition manager must complete is the
identification of the functions of his system. To perform this process,
he identifies each system function which is supported by software and
which will have separate quality requirements.

The SQM methodology discusses the different quality goals possible among
different system functions, and includes a sample of the functions
associated with an example command and control system. In addition to
these considerations, the acquisition manager must examine functions
unique to software (for example: man-machine interfaces, executives,
mission training, and integrated test functions). %.%

It is up to the quality assessment evaluator to allocate these functions
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among the actual software Computer Software Configuration Items (CSCIs)
that are developed. This process is described in paragraph 4.1 of
Volume III of the guidebooks. The acquisition manager then assesses
this allocation as described in Volume II, paragraph 4.4.1.

SAIC recommends that much more guidance be supplied to the manager
concerning both the derivation of functions for which quality goals are
set and for assessing the requirement allocations and evaluation
formulas.

One possible approach is to use a system-wide specification of quality
goals unless certain criteria are met that force specifying functional
goals. These criteria could include the following:

" Functional areas already have been identified. Many large

systems are functionally decomposed in the original
procurement documents (such as required operational concepts
cr purchase des-riptions). Even if system development does
not recessarily follow these functional dividing lines when
CSC Is ate created, they are a comiior" point of reference that
wcdild allow a meaningful evaluation.

" The system is so diversified that wide ranges of quality
iqls are reasonable for various system functions. A large

system may have such discarate n-ees that system-wide goals
ate not reasonable.

* TV. crit'_cality -t e xamoL_, risk o himian life) is such

thait some fu:nctions mst hbve high c:als, but cost factors
d ftate that non-critical functions do not have the same
goals. '

: r~a r, V eh."1 t~rov,, n this, :dan < is that an arbitrary
or. ! le, i , - ...... o' i sr ' it arbitcary reqlirement

t: ctio, ov oxa1cerbate, th p'-;bl.ms ,' loterminina what quality
1,.; and :ores airuallv nean oL ea' ;- e'trents.

-S., ',o ; ',' shoulr. - system-wide qc s is

--Ar.hie :Ind -I, :epta-. a . a -ular goals are desired
,art=,:ular f;n~ctio:., t a' '.- .t isclate thcse functions

CSCIs and set cioals drectly 7 ro .CSC itself.

in addition ,,;e recommend d-- Ppncio-rrg thp "L..ess of allocation

fiictional requirements among the var -SC Is -f the system. We

recommend usingi ths systen ,o whon ur. tins ::" been derived as

described above, and then in4, -, iohtlw iffe"'nt manner than is

described in the guidebooks. .le

Rather than determining the ne ,::3ue of ra,)h , t --ntributes to % %

each function, we recomrend Iist i . , ''" CSC~s that

implement it. The scores cal1uIted t ', . §71 .a'ld then he
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averaged to calculate the functional score, without taking into
consideration how much of the CSCI actually is performing a given
function. This will reduce some Df the arbitrary nature of the
allocation process, in order to incrase the comparability of results
across projects. This will also c' iild information so that we may
define, in terms of actual system:.-, '- and used, what are calculated
quality numbers mean (e.g., errors per delivered lines of code, time to
upgrade, time to transport).

4.3.6 Violation Procedures

See: Guidebook Volume !I, Paraqraph 4.,. , "Review Metric Scores"

The goal specificat--', 5v1chc- sho' nt'n itformation on how the
acquisition manager , - moliance with metric element
questions, and '-qit! ,, . h fell hr'Iw his

goals. Along with V . .on -f t ... Tlit-f7 manaoev
needs to outline w -t 1,i 1 d ne s! ti ae not
met. To do this, .. . :idan: fLr, 'he method-.1;g - t what,
procedures ate best nay 0e, fc exarrpl.,, '1a' a t t
report is to be generated for every "0" or "no" answer tr. a metric
question on worksheets , , 2, 3A, and 4A. Po- some questir:>. on 3A
and 4A, it may be that a threshold figure should be specified against
which violations must be wrinten up as problem reports. Some projects•_
have demanded a problem report fcr every violation in an effort to try
to force the quality scores to a value of 1. This is probably not -,

desirable, but guidance should be supplied. If the goal is to assess --
but not repair -- violations, this shou'.d be specified by the
acquisition manager.

Independent verification and validation contractors could be of
assistance to the acquisition manager in this regard. The experience
and knowledge of these analysts could be used to help determine what is
critical to the development and help to define procedures to ensure that
violations are handled properly. The acquisition manager could use this
information to establish the needed procedures.

4.3.7 Scaling of Scores

See: Guidebook Volume II, Paragraph 4.4.2, "Review Factor Scores"

The acquisition manager reviews quality scores at review points
throughout the development process. He examines the scores, using a
range of .9 to 1 as Excellent, of .8 to .89 as Good, and of .7 to .79 as
Average.

Lacking experimental evidence as to what the measured scores really
reflect (as yet they are only relative), we believe that this
relationship and numerical range may be too limited. For some metric-'N
questions (those that are measured, for example, d), each change in
the value can produce a wide variation in result (for example, from 1 to
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.5 to .33). This variation reduces as the number grows large, but by
then the score is well below even the .7 to .79 "average" range. We do
not yet really know if there is a meaningful difference between a score
of .8 and .9, nor do we know what the "unacceptable" cut-off level
should really be.

From analyzing the goals set by the decision aid developers themselves,
we also believe there is a tendency to set quality goals higher than
they really need to be. The developers indicated several factors should
have "excellent" values (which were not achieved), which we believe to
be above those really needed for such a prototype system.

The result of this is that we believe that more information needs to be
supplied to the acquisition manager to allow him to effectively evaluate
the achieved scores, their ranges, and what those ranges actually mean.

4.3.8 Criteria Weighting

See: Guidebook Volume II, Paragraph 4.2.2, "Assign Weighting Formulas"

The process of weighting criteria is described in the SQM guidebook %
duting the qualiLy goal specification process. Each criteria making up
the selected quality factors it evaluated, and weightings assigned to
each (detetmining its percentage of the total factor score).

This process is very arbitrary and subjective. An acquisition manager
ha, no theoretical justification for weighting any criteria. because we
do not yet have all the information needed. We cannot currently point
f-o a real-world meaning for the calculated values we create, but we do
know that that is the direction we would like to move. We would like to
be able to say that a system with a MAINTAINABILITY score of .98, for
example, is going to be relitively inexpensiv- to maintain (especially .
compared to a system with a score of .45). If acquisition managers
arbitrarily assign weights to the criteria that oake up maintainability,
then we have no way to compare scores.

If these scores are not meant to be ur. i for comparison purposes, then
why make a calculation at all? It would be logical, in that case, to
use the metric worksheets as chfcklists tniy. Croating a "core' would
not provide any further information for the developer or the acquisition a

manager. it would allow no rolat ve assessment of a systems quality.

Until we have collected the data to validate the numbers we are
calculating (i.e., what does a .93 score for COPPE7TNESS mean?), SAIC
recommends that the weighting prccess he droop-d >ltogether. Rather
than assigning arbitrary weig-, ;;e recommend that the acquisition
manager be instructed to cal 'r factor scores by averaging the
applicable criteria scores. Th.L -rcroach is al -,, used, though not
commented upon, in calculating the criteria mvl metric scores
themselves. We do not currently weight meri ., m, i'- 'lements, or
metric element questions when they are grouped and scored. As data
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validates the software quality measurement methodology results, we - "
believe that we will be able to derive weightings that should be used at
all these levels, including criteria. These weightings will allow us to
make objective assessments of quality that apply in the same fashion to
most application systems.

In the place currently occupied by weighting criteria, we recommend
supplying procedures that substitute for the weighting concept. Any
non-applicable or non-desired criteria would be dropped from measurement
and their respective metric elements left unscored. An example of this
would be in eliminating a criterion like virtuality, used chiefly in
network applications.

For factor criteria that are of unequal importance to the acquisition
manager, procedures could be :.cluded to allow violations (i.e., low
criteria scores) to be handled in a different fashion for those
criteria. If effectiveness-processing (EP) is far more important to the
manager than is effectiveness-communication (EC), then the results of
scoring each of those criteria could be handled differently. A low
score achieved concerning communication would be specified as
acceptable, while a low score for the processing measure would require
corrective measures. In this way, the important criteria are still
regarded as vital, but do not contribute to making factor scores
incomparable across systems.

4.3.9 Survey Questionnaires

See: Guidebook Volume II, Paragraph 4.1.2.3, "Quality Requirements
Survey"

Quality survey questionnaires are sent out by the acquisition manager to
collect information for quality score specification. When responding, ..
each person surveyed lists the system functions, and then inserts the
quality scores he would set for each function.

SAIC reconuends that the functions, if they are to be used at all, be
specified by the acquisition manager and included on the surveys. In
addition, the forms in the guidebook, shown as examples, do not have
space set aside for the respondent to indicate factor quality scores. •
We recommend adding specific room for these answers.

4.4 Quality Assessment Rec endations , -. *'.

Recommendations in this section apply to Volume III, Software Quality
Evaluation Guidebook (BOE-3].
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4.4.1 Data Collection Workbook

See: Guidebook Volume III, Paragraph 4.2.3, "Answer Worksheet
Questions"

volume III of the guidebooks, in paragraph 4.2.3, discusses how the
worksheets are to be filled out for metric evaluation. The section is
approximately one and one-half pages long, and briefly describes the
layout of the worksheets, who should answer the questions, how to
identify source material, and what to do about all-inclusive questions.
It mentions that results should be reproducible, and that any judgments
made and metric violations noted should be documented.

There are no detailed explanations or recommendations concerning exactly
how the worksheet questions are to be answered. We recommend that such
details be included in order to promote a uniform approach to software
measurement technology. This uniformity will allow results to be
gathered across various projects that are comparable. It will reduce
the perception in industry and the academic community that this
technology is arbitrary, and allow research to proceed that can
correlate quality measurements to actual system performance. In
addition, such details would supply guidance to allow the technology to
be most effectively and efficiently used.

The text should reflect the fact that it is not the best approach to
simply sit down with a document (or source code), get the worksheet, and
answer each question in the order presented. The worksheets are not
really worksheets, but are simply a list of applicable questions
presented in order by mnemonic. This listing is important and useful,
but data should not be collected in the same manner as the list is
presented. This is because the worksheet questions are repetitive and
interrelated. The questions are valid, but data can be gathered much
more efficiently and effectively if another approach is taken.

The SQM guidebook should recommend an appLoach that is useful and
cost-effective, minimizing manual efte r and maximizing the data
gathered. Automated tools are an obvious direction to take, and the
methodology does riot indicate how to take advantage of these tools.

One way to aid the user, whether° he has access to tools or only to S
manual data collection, is to categorize the questions. Various types
of categories would be useful to the question-answering process.
Potential category methods are discussed below:

" Data necessary to answer the question

" Skill level required to an.., 'he question

" Techniques for answering the question
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Data necessary to answer the question. The SQM methodology was designed
to be in accord with the software life cycle as described DOD-STD-2167.
This life cycle has defined products and reviews that are recommended
for each phase of development and deployment. The Data Item
Descriptions (DIDs) that correspond -0 these products mandate certain
information for each of the products :.eated. One categorization method
would be to list the correspondence between question source material
(the location of where the answer should be in a standard DOD-STD-2167
type development) and the questions. An example of this is question
SI.l(9) in Worksheet 0: Are there requirements for a programming
standard? The Software Development Plan (DI-MCCR-80030), in a
development following DOD-STD-2167, should contain this information in
paragraph 5.1.6. Knowing where this information should be located would
greatly aid in either automated or manual data collection.

A second aspect of knowing the source of data necessary to answer each
question involves looking at the minimum amount of data required to
answer all questions. As mentioned before, the worksheet questions are
not totally independent of each other. Some questions are word-for-word
repetitions of other questions, and some questions use data that is also S

used to answer other questions. This is not a defect, but reflects the
reality that the criteria and factors we measure are not (and should not ,.

be) orthogonal to each other.

It does mean, however, that answering each worksheet question in order
may involve doing the same work over and over. To avoid this, it would
be easy to create a list of the minimum data set required to answer all
questions for each worksheet.

Skill level required to answer the question. The questions on the

various worksheets are not all equivalent in terms of the background and
experience necessary for an analyst to quickly and effectively answer
them. The most senior personnel could, of course, answer all questions.
However, some questions are so straight forward as to lend themselves
easily to either automation or to evaluation by much less experienced
analysts. It is more cost-effective to use these techniques where
possible, and to focus more senior effort on the areas where it is
important. Table 4.4-1 presents our analysis of the skill level
required for the various questions on Worksheet 4B. The category S

"junior analyst" refers to people with 1 to 4 years experience in such
things as documentation, requirements analysis, and configuration
management. The "senior analyst" has 5 to 15 years experience in the ,,

same sort of tasks. "Junior programmers" are design and implementation
personnel, typically with 1 to 5 years experience. The "senior
progra mers" are highly experienced in system requirements, design,
coding, and testing.

The skill level analysis was required for our evaluation of Worksheet 4B
only. Earlier worksheets were such that non-programmers could easily
evaluate nearly all of the questions. Examination r understanding of
the code, however, required personnel experienced in programming. Based
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TABLE 4.4-1

SKILL LEVEL REQUIRED TO ANSWER QUESTIONS ON
WORKSHEET 4B

ANALYST

QUESTION JUNIOR SENIOR JUNIOR SENIOR

ANALYST ANALYST PROGRAMMER PROGRAMMER

AM.1(3) X
AM.2(7) X
AP.1(1) X
AP.2(1) X
AP.2(2) X
AP.2(3) X ,
AP.2(4) X
AP.3(2) X
AP.4(1) X
AT.1(1) X
AT.2(1) X
AT.2(2) X
CP.1(2) X
CP.1(4) X
CP.1(9) X
cP. 1 (1) X
CS.1(2) X
CS.1(3) X
CS. 1(4) X
CS. 1(5) X
CS.2(1) X
CS.2(2) x
CS.2(3) X
CS.2(6) X
E P.I1(2) X ""

EP.1(3)
EP.1(4) X
EP.1(6) X
EP.2(4) X
EP.2(5) X
EP.2(7) X
ES. 1(6) x
FS.1(1) X
FS.1(2) X
GE.2(2) X
GE.2(3) X
GE.2(4) X ,,ID.I(1) X

ID.1(3) X 0

MO.1(3) X
MO.1(4) X ,%
MO. 1 (5) X

PP/RDI02
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TABLE 4.4-1 (CONT)

SKILL LEVEL REQUIRED TO ANSWER QUESTIONS ON
WORKSHEET 4B

ANALYST

QUSIN JUNIOR SENIO R JUNIOR SENIOR
_____ANALYNST ANAIA ; PROGRAMMER PROGRAMMER

MO. 1(6) X
\10. 1(7) X
Mo. 1(8) X
MO. I(9,) X
M0. 25) X
SD.1W1 x
SD.21) X
SD.2(2) x
SD.2(3) x
SD.2(4) X
SD.2(5) X
SD.2)(6) X
SD.2(7) X
SD.2(8) x 'c
SD.3(1) X
SD.3(2) x
SD.3(3) x

SD.3(4) X

SI. 1(2) x
S1.1(3) X
SI.1(4) X
SI.1(5) X
SI.3(l) X
SI.4() Xp
S1.4(2) X
SI.4(3) X
SI.4(4) X
S" 4(5) X
S1.4(6) X
SIAM(7 X
S1.4(8) X
SI.4(9) X
SI.4(10) X
SI.4(11) X
S1.4(02) X
SI.4(3) X
S1.50I) x
SI.5(2)
S1.5(3) X

PP/RD/03
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TABLE 4.4-1 (CONT)

SKILL LEVEL REQUIRED TO ANSWER QUESTIONS ON
WORKSHEET 4B

ANALYST
QUESTION JUNIOR SENIOR JUNIOR SENIOR

ANALYST ANALYST PROGRAMMER PROGRAMMER

SI.6(1) X
ST.1(1) X
ST.1(2) X
ST. 1(3) X
ST.1(4) x
ST.1(5) X
ST.2(1) X
ST.2(2) X
ST.2(3) X
ST.2(4) XST.2(5) X

ST.3(3) X
ST.4(1) X
ST.4(2) x
ST.4(4) X
ST.4(5) X
ST.5(1) X
ST.5(2) X
ST.5(3) X
ST.5(4 )xv S.(1) X
VS.1(2) X

woo
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0

on our experience, however, we recommend that early worksheets be
evaluated by more senior personnel, and that the later worksheets can
mostly be evaluated automaticallv and by more junior programming
personnel. The reason for usin -: personnel early is to add their
experience and knowledge to th, ;v a ion cf the system and of
metric questions. The decisiono. early in the life of a project

have great impact on its cost and e'.fectiveness. Later worksheets are

of course important, but errors in judgment at that point are less
costly to correct than are ? rors made during requirements analysis.

There are several implications for listing the skill level required to
answer each of the auestions on each of the ,7orksheets. In general, the

greater the skill or experience reqhaired to answer a metric question,
the more difficult it will be to automate that question. Automation is

an important cost reduction tool for the software quality measurement

methodology, and can be used in conjunction with understanding of

experience needed. In addition, experience is needed to aid in the

evaluation of the impact of a "No" or "0" answer to a metric question.
This experience can be used to make recommendations as to corrections
and effort that should be devoted to a particular problem. The more
subjective metric questions should be analyzed by the more senior and

experienced staff, in order to best use the talent available. This is

particularly true in the earlier worksheets (Worksheets 0, 1, and 2).

The later worksheets (3A & 3B, and 4A & 4B) are more easily automated,
and tend to contain questions that are more explicit and of a "counting"
nature.

Techniques for answering the question. The methods used to answer ..

questions lends itself very easily to establishing some basic catgories. -

The types of categories we recommend include:

" Counting. Some metric questions may be answered by a

straight-forward counting of such things as lines of code,
lines of comments, nesting level, and data references. These

in general require little decision-making, and may be

completed in one pass through a document section or unit of .. vy
source code.

* Understanding. Some questions require an analyst to read and

understand material, in order to decide if the material is
clear, complete, logically indented, etc.

R(FkCV9H2MMN - These types of categorization and analysis methods are
all reflected in the workbook approach recommended by SAIC. The
workbook would be a collection of true worksheets, with each worksieet
indicating the categories and information discussed above in this
paragraph.

Figure 4.4-1 is a sample of how some of this workbook should look. The
workbook would indicate where in particular d~, ~sdata items are

expected to be found. It should also indicate the analyst level of 0
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personnel needed to collect and evaluate the data. This would eliminate
a great deal of search time. It would also indicate the skill level of -

the analyst needed to complete each of these new worksheets, and
indicate techniques for data collection and evaluation.

The workbook would indicate, for sections of each source document, what
questions are to be answered, what data collected, and who can best
collect the data. An example of this is the data collected for each
"described function." The analyst would examine each function, and note
whether it is defined completely, what its name is, and what references
to it exist. All this information would be used to answer metric""
questions on the kind of worksheets currently given in volume III of the -

guidebooks. The analyst evaluating the specification would be aware of.' Z
exactly what data is needed, and where it is to be used on each
worksheet.

in addition, the workbook could contain areas that allow the evaluator
to add comments and information on any software problem reports
generated. Dates of problem report submittal and resolution could also
be included. 1

The workbook approach is also very efficient at gathering data, even
using manual methods. The analyst performing the evaluation is not
forced into repetitive examination of material, but evaluates it in a
meaningful fashion with as few iterations as possible. Another main %
strength lies in the repeatability of the process. Currently, no way
exists to verify a metric score, because no data is retained which %

supports any conclusions. Using a formal data collection workbook would
provide a means of retaining the data, allowing verification, and also
allowing the recalculation of scores based on document updates.

These workbooks could be tailored (for reduced sets of factors,

criteria, or metrics) just as the current worksheets can be tailored.
Data that is not needed for any metric elements would not be collected.
To support this tailoring, the workbook should include references to %
applicable metric elements for each data item to be collected.

4.4.2 Scoring Worksheets 3B and 4B .%-%

See: Guidebook Volume III, Appendix A, "Metric Wcrksheets" 7

The SQM methodology specifies that one copy of Worksheets 3B and 4B is
to be completed for each software unit. A uLnit is defined in
DOD-STD-2168 as the smallest logical entit, specifieJ in the detailed

design -which completely describes a single funct-ion in sufficient detail .
to allow implementing code t ..oroduced and s d independently c•
other units. The definitior - umlies to *', o;rits as th- actual
physical entities implemente-i code. 7, K . ksheet context,
this definition seems to be ,at is meanr : . ho term "unit." .

Measurements are made aqainst each ui i, th' .. ' ,  , !3C1 s-oies.
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The advantage of completing a separate Worksheet 3B and 4B for each unit
of the code and design lies in unit independence. Worksheet answers may
be easily separated and distributed to the authors or evaluators of each
software unit. There is a major disadvantage, however, in the bulk of
the paper involved.

In all but the smallest systems, the evaluation of Worksheets 3B and 4B,
as they currently exist, would create a mountain of paper. As an
example, consider the size of the Enemy Course of Action Evaluation Aid
(ECOAEA) and the Enemy Sortie Capability Measurement Aid (ESCMA)
systems. Each of these systems is small. The ECOAEA consists of 29 /-'

files having 150 subroutines or units. The ESCMA consists of 139
programs and procedures.

If each unit were documented in the detailed design, then the 10 pages
of Worksheet 3B and 13 pages of Worksheet 4B would be completed for each
unit. The result of this would be approximately 10,800 pages just to
record metric element answers. On a large system project, this number
could quickly become astronomical.

F-r this reason, we recommend that the SQm methodology be modified.
This recommendation concerns only a format change for Worksheets 3B and4B. If the worksheets were modified to a tabular form, the amount of

paper generated could be drastically reduced. In addition, the process
of scoring each CSCI would be made easier.

%
As an example of the reduction in paper bulk, the following tables are
proposed for Worksheets 3B and 4B. The modified Worksheet 4B consists
of 10 pages, and answers for 15 units may be contained on each page.
This means that 333 pages are required to hold answers for 500 modules
(500 modules divided by 15 modules per page multiplied by 10 pages per
worksheet). Under the current methodology, C,B00 pages (13 pages of
Worksheet 4B multiplied by 500 modules' would be required. This is
better than a 19:1 reduction. Fo:. Worksheet 3F 8 pages were used for
the tables. For both worksheets together, the page count for 500
modules is 600 pages using the modified tahlc.j, and i1,500 using the SQM
method. .

Figure 4.4-2 is a sample of thc.,e worksheet answe tables. *.% ,
0

These modified scoring worksheets -an be used with the data collection
workbook described in pariqraph 4. 1, above. The ,-.kbooks .ecord the . -
original information needed to answ' the "orksheet Qn .estions, 1ut 3re
not themselves directly scorable. Thes zcorin. .: '-sheets woid be
used in conjunction with the werkok in -rd--I- ! ro'de a place to
calculate and record the sores f° >'cth WCrkohc S -n - 4B.

4.4.3 Metric Worksheets Errors

See: Guidebook Volume III, Appendix A, "Mer, %- -
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Some metric questions in the worksheets have typographical and other
formatting errors in their text. These questions are identified and
described below.

SCORIM ERRRS
Many of the questions on Worksheets 3B and 4B are answered by either a
"yes" or a "no" response. It is then appropriate for Worksheets 3A and
4A to total the number of "yes" responses. Occasionally, Worksheet 3A
or 4A incorrectly asks the analyst to "add applicable unit scores," as
shown below:

WORKSHEET 3A or 4A incorrect sample:
a. How many applicable units (score entered on 3B

(or 4B1)? - W
b. What is the total score for all applicable units (add 6

applicable unit scores from 3B (or 4B])?
c. Calculate b/a and enter score.

This should be corrected to:
a. How many applicable units (answer of Y or N on 3B

[or 4B])?
b. How many units with answer of Y (see 3B [or 4B))?
c. Calculate b/a and enter score.

This correction applies to the following questions:
Worksheet 3A, FS.I(l)

For other Worksheet 3A and 4A questions, the reverse situation occurs. 
i

Many of the questions on Worksheets 3B and 4B result in calculated
scores between 0 and 1. For some of these, Worksheets 3A or 4A
incorrectly ask the analyst to count the number of "units with an answer
of Y," as shown below:

Worksheet 3A or 4A sample incorrect version:
a. How many applicable units (answer of Y or N on 3B -

[or 4B1)?
b. How many units with answer of Y (see 3B [or 4B])?
c. Calculate b/a and enter score.

This should be corrected to read: S
a. How many applicable units (score entered on 3B

(or 4B])?
b. What is total score for all applicable units (add

applicable unit scores from 3B [or 4B])?
c. Calculate b/a and enter score.

This correction applies to the fc 'lowing questions:

Worksheet 3A, SI.6(l) ,..
Worksheet 4A, MO.1(4)
Worksheet 4A, SD.3(4)
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Worksheet 4A, SI.4(7)
Worksheet 4A, SI.4(8)
Worksheet 4A, SI.4(9)
Worksheet 4A, SI.4(10)
Worksheet 4A, SI.4(ll)

Worksheet 3A, SI.6(l)

On Worksheet 3B, this question is:
d. How many unique operations?
e. How many unique operands?
f. How many total operands?
g. Calculate 1 - (2xe)/(dxf) and enter score.

Part (a) should contain "operators", not "operations".

Worksheets 4A and 4B, EP.l(3)

Worksheet 4A contains the question as:
a. How many applicable units (score entered on 4B)?
b. What is total score for all applicable units (add

applicable unit scores from 4B)?
c. Calculate b/a and enter score.

Worksheet 4B contains:
d. How many units are required to be optimized for

processing efficiency?
e. How many units are optimized for processing efficiency

(i.e., compiled using an optimizing compiler or coded in
assembly language)?

f. Calculate l-(e/d) and enter score.

The question should be eliminated entirely from Worksheet 4B.

The Worksheet 4A question should be rewritten. In addition, the
calculated score should have been e/d, not l-(e/d) as shown in " -
Worksheet 4B. Worksheet 4A should then contain:

a. How many units are required to be optimized for processing
efficiency? ,

b. How many units are optimized for processing efficiency
(i.e., compiled using an optimizing compiler or coded in
assembly language)? ,. * *.,

c. Calculate a/b and enter score.

Worksheet 4A, ES.1(7)

The question states:
a. How many total software units?
b. How many software units are optimized for storage

efficiency...
c. Calculate l-(b/a) and enter score.
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This results in the score being lower the closer the system matches l 6
its requirements. Part (c) should be:

c. Calculate b/a and enter scoLe.

Worksheet 4A, FS.1(1)

The score "box" for recording the answer to part (c) of this
question contains " Y N N/A". It should contain room for a
numerical answer, followed by "N/A".

Worksheet 4A,4B ID.2(2)

This question does not appear on Worksheet 4B. It states on 4A:
a. How many units in the CSCI?
b. How many units in the CSCI perform external input/output?
c. Calculate l-(b/a) and enter score.

The question should be redone so that it does appear on 4A as:
a. Hcw many applicable units (answer of Y or N on 4B)?
b. How many units with answer of Y (see 4B)?
c. Calculate l-(o/a) and enter score.

Worksheet 4B should then contain:
d. Does this unit perform exterial input/output?

Worksheet 4A,4B ID.2(3) 'I

This question does not appear on Worksheet 4B. It states on 4A:
a. How many units in the CSCI?
b. How many units in the CSCI contain operations dependent

on word or character size? A
c. Calculate l-(b'a) and enter score. 

r. 0

The question should be redone so that it does appear on 4A as:
a. How many applicable units (answer of Y or N on 48)?
b. How many units with answer of Y see 4B)? N- @

c. Calculate l-(b/a) and enter score. -_

Worksheet 4B should then contain: 0
d. Does this unit contain operations dependent on word Pb -.

or character size? .

Worksheet 4A,4B ID.2(4) 
, .

This question does not appear <.n 'r'r'hpet 4B. stite *n 4A:
a. How many units in the <i •
b. How many units in the C. ,::ain datj =1rm,-._ _

representations tha are m.- -ii,.ne te'c'rd i ?
c. Calculate l-(ba) and ent-! - .
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The question should be redone so that it does appear on 4A as:
a. How many applicable units (answer of Y or N on 4B)?
b. How many units with answer of Y (see 4B)?
c. Calculate l-(b/a) and enter scc:-e.

Worksheet 4B should then contain:
d. Does this unit contain data element representations

that are machine dependent?

Worksheet 4B, AP.3(2) . .

This question is: %

d. How many lines of source code, excluding comments?
e. How many non-HOL lines of code excluding comments?
f. Calculate e/d and enter score.

This means that the more assembly language a routine contains, the
higher a score it would get. 100 lines of source code, 30 lines of
assembly language is 30/100 or .33 for the score. 100 lines of score
code and 90 of them assembly language would get .90 for a sccre.
The reverse relationship should be shown. The question should have _
part (f) changed to read:

f. Calculate l-e/d and enter score.

4.4.4 Scoring

See: Guidebook Volume III, Appendix B, "Factor Scoresheets"

There is a typographical error in the scoresheet used for calculating
the factor efficiency. Figure 4.4-3 presents the scoresheet as
originally shown in the SQM guidebooks. Figure 4.4-4 shows how the
scoresheet should be corrected.

4.4.5 Software Quality Evaluation Report

See: Guidebook Volume III, Appendix C, "Software Quality Evaluation
Report"

The Data Item Description recommended in the SQM methodology for the
Software Quality Evaluation Report includes tables listing metric S
scores, compiling criteria scores, and compiling factor scores. In -.
addition, the scoresheets used to calculate scores for each factor are
to be included.

SAIC recommends eliminating these scoresheets from the reports, and in
their place adding one more table to the report. Existing tables
already list all scores for metrics, for criteria, and for factors. One
more table could be included to list scores for each metric element. l

The scoresheet data would then be covered by these tah-es, and would not
need to be included at all.
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FACTOR SCORESHEET - EFFICIENCY

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR

ELEMENT MENT SCORE SCORE SCORE SCORE

EP (1) .

FP (2)

EP 1(43) -

FP V;4)
E----IN

EP.I(S) L" . ."

EP 1(6) I ,

EP 2(1)

EP 213) .. . r. . ".. . .. '... _______- •

EP 2(4) ..------ ----

EP. 5)

EP 2(7) -- --- -.

Ej :12)
FS 1,3)

--.4' .. .. W.. ... 4

Es ', "(5)'

ES "

ES i (7:

II(;I'RE 4.4-3 ORIGINAl FV'FICIEN: N FA(TOR SCORESHEET

% % %
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FACTOR SCORESI4EET - EFFICIENCY

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

EC. 1(1) iz- -- iz --
EP.1(1)

EP. 1(2) -

EP 1(3

EP 1(4)I

EP 1(5)

EP. 1(6)

EP.2()

EP.2(2) -7-

EP.2(4) -

EP.2(S)

EP.2(6) -- 4a.

EPZC) ......

ES.10)
ES.1(2) I

ES. 1(3)--4
ES.1(4)--4 - -. 2/

ES. 1(5)--- \.
ES 1(6) -- 4
ES.C7 ---M
ES.1(S) '.r--

FIGURE 4.4-4 MODIFIED EFFICIENCY FACTOR SCORESHEET
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The scoresheets are useful for calculating scores and should be L
retained, but we recommend that they also be modified. Rather than -
scoring each factor as ic, now done, we recommend scoring each criteria.
Factor scoresheets would then only show the criteria to be used, and
could include the acquisition manageL-'s weighting formula for each
criteria used. Even if no other changes are made to the scoresheets,
their bulk could be reduced by pitting more information on each page.
we were -hle to reduce the amount of paper by three pages by simply
cutting and pasting some of the pages together. To accomplish this
shortening, we placed the factor INTEGFITY on the same page as the
factor EFFICIENCY. VERIFIABILITY and INTEROPERABILITY were both
-ccwensed from three pages to two.

.4e also -ecommend haviv. a plice to nut iformation as needed on ea-h
scoreshea.. This informaticn could inclcde project, date, analyst, and 5
CSCI being evaluated. Figure .4-5 is a sample of the modified factL

s..oresheet might lk T1 cuirent scoreseet format would be used in
muTh of its current format, ex ept that data would be included only to
the criteria level. Each criteria would then be summed on the factor
scoresheet page.

4.4.6 Glossary Vol,

See: Guidebook Volurte III, Appendix A, "Metric Worksheets" 09V

A glossary needs to he created for each worksheet included in Appendix A
of Volume III of t!le guidebooks. Thrs qlossa,y should contain all terms
used in the worksheet, oxcept such wor-s as "the", "calculate", etc.
Every software-oriented term should be completely defined and reflect
-he way that it is used in the particular worksheet. In addition, each ,
term shoull be used uniquely and consistentl1y or a ccncept or item. As
an example, "data i tems" and "data efer -,ces" seem to be used
interchangeably on the firsi two worksheets. only one term should be
used.

4.4.7 Evaluation Procodur>-. .

See: Guidebook Volume liT, A[ e x :'.e' r i W-:ksheets"

Steps to te used ac concen qostiP: -nd earn tsiuation
l :l4y to occur shculd b, defi n.- each worksK ' Theie sCeno wculd0
likely basically

specific , Piidance u-de- , , . . , ac ,. . ans e urn e qu
questions.

An exampl- of this guidance .:.7s:

1. For multiple part quesoc.1 c t Iet . . tn a ,f -
occurrence to hth p-.s-- <- r::u A

4-42
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[Example: a. Number of calling parameters
b. Number of calling parameters that are control

variables.
c. Calculate b,'ea. enter score.]

If the answer to part (a _ -io, then the score received YZ

for part (c) is "N/A".

2. For "all or nothina" questi:ns, the a :swer Tust be "N" if
an., of the measured items do no' fully mee- the question's
statement.

[Example: Are all inputs documentc as to the specific use
and limitations of the data?]

If even 1 input rut c, 99 is not documented, the answer to
the example question is "N". Record the "No" instances so
that the acquisition manager and system analysts may have
this data available as needed. (The recommended workbook,
Section 4.4.1, is a good place for this information to be
recorded.)

3. Questions should only be scored as "N/A" under two
circumstances. If a question or element has been defined as
not applicable for the entire system and eliminated from the
scoring process, it may then be scored "N/A". The second
circumstance is when these procedures direct such a score
(see Procedure #1, above). '.

.... .."

4.4.8 Examples -

See: Guidebook Volume III, Appendix A, "Metric Worksheets" .6. V

While SAIC recommends examples for every step in the methodology, we dre
particularly interested in seeing examples presented for each metric -
question in the worksheets. These examples need not be complex, but

should illustrate the kind of material that the question concerns, and
the focus of its statement. For Worksheets 3A & 3B, and 4-A &4B, the - •
examples could be directly related to a small sample of pseudo-language
used in design, and actual code used in constructing the equivalent
routine or unit, respectively. For other questions, a simple statement .

of the types of information that would allow a user to determine an ..

answer to the question would be very helpful.

These examples would not be included in each worksheet itself, but in a
separate set of material that could be referenced along side of each
worksheet during evaluation. The examples could also reference and
include the workbooks (see Section 4.4.1) i:ecmmended for data
collection.
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Together with the workbook approach discussed in section 4.4.1, the
evaluation procedures discussed in 4.4.7, and the glossary of 4.4.6,
nearly any difficulty that an evaluator might have concerning each
individual metric question should be easily resolved.

4.4.9 Delete or Move Questions

See: Volume III, Appendix A, "Metric Worksheets"

Some metric questions are asked at inappropriate levels. In general,
these questions are of a low level of detail, but occur on worksheets .
used to analyze requirements or preliminary design documentation. SAIC
recommends moving these questions to worksheets 3A & 3B, and 4A & 4B.

4.4.10 All or Nothing Questions

Many of the questions from the worksheets require all or nothing type
responses. An example of this is question AM.2(7) on Worksheet 4B: "Is "
a check performed before processing begins to determine that all data is
available?". Other worksheet questions are ratios of possible number of .
occurrences to the total number of occurrences. While we commented on or
these all or nothing type questions, we do not recommend changing them
at this time. Instead, we recommend that further research be conducted
to verify their usefulness, and to validate the statistical validity of
combining yes/no questions, all or nothing type questions, and ratio
calculation questions.

. %
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6.0 ACwRfflIS

CSC Computer Software Component

CSCI Computer Software Configurat'-n Item

DID Data Item Description

ECOAEA Enemy Course of Action Evaluation Aid

ESCMA Enemy Sortie Capability Measurement Aid % %

MPR Methodology Problem Report

RADC Rome Air Development Center

SAIC Science Applications International Corporation

SQM Software Quality Measurement

SQMD Software Quality Measurement Demonstration

TPR Technical Problem Report

WS Worksheet

-. o% % ,

0
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SOFXISRE GULITY ]ME14&JRKE1 DEMOSTRATIONI PRJECT

As part of the evaluation of the Secification of Software Quality
Attributes methodology, SAIC is following the procedures outlinFed to
measure the software quality of two decision aid systems. These
programs are the Enemy Sortie Capability Measurement Aid, and the Enemy
Course of Action Evaluation Aid. Both aids are part of the Senior " JV
Battlestaff Decision Aid project." K.

Because of your involvement and experience with these aids, we are
asking you to fill out some forms and return them to us. These forms
will he used to determine what quality goals should be specified for
each major function of each decision aid. They will also be used to *
evaluate the adequacy of this method of quality goal specification.

In addition to the goal specification forms, we will ask you to fill out
a form ;ivin- us your response to this method of goal specification.
Please K0ep track of t-he time you spend on this complete task so that
you may rompletely fill in the last feedback form.

Ftguwr present! the 13 scttware quality factors we are concerned with,
-Lon,:jth definitions of each. T) i i2 in md-rstanding, these factors
,e ct,'i-.d onder cajor coencerns (petfnrmance of the system, how it is _

t arr igne an3 how adapt al - 1c it r-cs to be',.

T2 - -h . . a . ." . :woj ikn v¢.i o f.!i <t

4-" , i .p .o - .c ,;. .i+ .: , -, .,. o i d: 'l"" fr 5,L '

!r -n ai --

.. ..1.. -. , ,

factrr. - ''

i[.:,bil 3 ;. r c;:s-5 wke c,,V'r -i : t .. ,'2'."c wr; ":: ""4-.,',.-

* irtO et .:S ?r.-: Y' . . .. J~.. .-

ratings .ill hae, , s wej ,t r* ; . -!qio~tncc .ithi. ra'r
factor.:"',.

A- 2)

.%

T- i d F - I-, "I



The last form we will ask you to complete is Figure 2. This form gives .,Q
us information about you and your reactions to this survey. ". '

,a.

S
.%*_.

S

!1A
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ACQUISITION CIEINDFNTO
CONCERN DFNTO

ACCIJRACY THOSE CX4ARACTERUsrC3 OP; - TARE WH4C14 PRO%1DE TmE EtEQL IRED PEECSIO L,4
PERFORLMANCE ANOMALYv Iw4~comef Tms cH"A.c rieaT or sOfi-ARE WICH rtovuxn Pm cmamnry oP opERA.

TIOPQ ltdDER AMD RECOVEY MRM NR~o NuEMLONM. S AvnoAL'TONOMY THOSE CHAPACTERISTCS OP SOFTWAAE WICH DETERMIT rrNON-DE5'INDL'NCY
ON LNTERFACES AND FUNCTIONS.

D(SnhUL7TDNLM THOSE CHARACTSUITK3 DIP 3O~tWAUN WHXN0 DRTERKMI THE DEGREE TO WHICH SOFT-
WAR PUNCINS ARE GNOGRAPWALLY ORt LOGICALLY SEPARATUD WTMW~ TOO SYSTEM.

EFFECTIVLNT43-COMM mHOSE aCACTEWIsCS OP THIE SOPTWAUL WHICH PRoVIDe "O ML-TALLM U-11UZATION
OP COMMUNICATION4S RESOURCES D1 PERPOEMING PVNCTIONS

Er- -nVEN9M THOS9 CI4ARAITRISTMC OF THlE SOPTWARIN W1IGCH PROVIDE POR MINW0AU LIMIZflON
P. S04G, OF PROCE331KG RUOIMRCES IN PERFRMMe FUNCTIONE

EFFE. IvLNES11-SIORAGE THOSE CIARACT!RIJSOOP THIESOFT*AAE OCH PROVIlDE POE MIAL1.4 L-TLIZATION
OP STORAGE RESOURCES.

OPCILABIIIIT THOSE CI{AECTEEITC5 Of SOFTWARE POOCH DCTMMI OPERtArIONS AND PFOC~EIIA
CONCERXED WM%15 OPERATIM OF SOPTWARE MID WHICH PILOVIDE USEFUL LIPS11 AND
OUTPUTS WHICH CANl OR A3MULA11

RECOP4FIGL7AEILITY THOSE CHARACTERIC31 OP SOFTWARE WHICH PROVIDE R)E CON TINLTTYf Of SYSTEM4
* OPERtATION WKLEN ONE OR MORI PROCEjSOkS. STORAGE LNI7TS. OR COMM.LNICATION

LINKS PAILS.
SYSTEM ACCEMIUrf THOSER CHA PACT1RISTIC OP SOFTWARE 1111M PRLOVID PON COPTWOI AND ADDS? OF

AC la1131MTHE SOFPTWARZ A"D DATA.
TRAWJNG THOSE CHARACTERIS1CS OP SOFTWARE WHICH PROVIDER TRANSMONG PROM CIUENT

OPERATION AND PROVIDE WNTIAL PAMILJARZATIQI.

3 CONSLSTENCY THOSE CHARAC1ERISI0 OP SOFTWARE WHICH PROVIDE FOR UNIFRM DESIGN AND IH-
PLEENAIC* TO THE REQUIMENUT3 WITH RESPECT TO THE SPECIFIED DIvELOPMLrT

TLtA(2AEUJTT THOS C1IARACrIRWI OP SOPTWARE WHIOI POVIDE A MnADOW 051017 PROM TER
I.MLMETATION1 10114 RRIJIREENTS WI7H RESN=T04hSDEWWD VMOPMIXOT
ENIVELOPS AND OPERtATIONAL OMRGIMUET.

V1IIBLITY THOSE CHARACTERISTICS OF SOFTWARE W14CH PROVIDE STArS MON1TOED4 Of THIS
OEVELOMEN(T AND OPERATION.

APPLICAIONTHS 4053cL&MCTERff=TOF SOFTWARE wsuoi DOTu&.Mn ni NUMIaqoFITCOC ON
ADA PTA TION INeRebDeRCl DATA8BASYSTEIM MXCODE. CODIPUT A RCMTB70APMOVW1OI77

AUGMNIITABIL.TY THOSE CI4ARACTERJST1O OP SOFTWARE WHICH PROVIDE POE UNIFORM DESIGN AND
* D.IMPETAION TBCIOIqUES AND NOTATION.

COb04OKALEEY 114053CSARACTE!RIVWCOP SOPtWARE 15404PROVIDE. 33 WOPUTLEAC2
STANDARDS POE PEOTOCOU.L RMCINS, A1D DATA R*PRI1SER11TATm. . -%

DOCLUENT ACCESSIIL.T THOS2 CHALACTEEZSTICO OF SOFTWARE WHICH PEOVIDE POR EASY ACCESS TaO SOPT*ARE L-
AND SELECTIV USE OF ITS COE4POP(ENTS.

FUN4CTIONAL OVERL.AP THOSE 011ARACTftRflOS OP SOFTWARE '15004 PROVIDE CORGIOK PJICIM~E TO 3Dam

F04CTIONAL SCOPE THOSU CIAACTSISTI3 OP SOFTWARE WHICH PROVIDE COMMGINAJT OP FUNCIONS P
AMONG APPLICATION&S

011111AuTY TWSE CHAAACrEUW15O OP SOFrWARKWH '110ROVIDE BEIAD TO TIS PUNCIIG ; .

PIMak WEDI 33130 TO TIE APPUJCAT1OP.
ZNDOPIENDENICI THOE CHARACTIETIO OP SOFTWARE WICH DETrERMINE MT MON-DEPENI)C.NCY ON

SOFTWARE DI'VIROKaVIT (COMPU1INO SYSTE. OPERATING SYSTEM UTILITIES. NT.,"--
OUTPUT ROV42TE., USRARISS).

SYTSM C.ARIITY Thin CRARACEEEISCE1K OIP 90VtWARE '100 PROViD PME CLEAR 0131ROnON OP
PROORMUIIXIJM IRA H CO9MdPLIZAND UNDEREANDASLE UANN.

SYSTEM COWEATIEILZTY THOSE CHARACMROT11S OP SOFTWARE WICH PROVIDE 116R HARDWARE. SOFTWAkRE AND%
CObGIUNIA13O COMPAT1ILMITY OP TWO SYSTEMS.

vISMIAuty 3f3 CftftA1rjfLCE OF SoffWARS '13014 POSErE A VYIM THAT DME [AC RX.
aUM E KNOWUOOE01 OP IME PYSICAL. LOOSCAL. ORt TOPOLOICAL CIIARACTBRICS

MODItJETY THOSE CHARACTURITrCS OP SOFTWARE WICH PROVIDE A STRUCrILIR OP HIGHLY CIO. %
GENE RALH2S31" COMPONINTS WITH OPIGEUM COUPLING,
GNRL 3THOSE CHARACTEROCS OF SOFTWARE '1020 PROVIE EXPLANATION OPTI M A.L.

MERTATWOOP PJICTPMNE
IDICITY THOSE CHARACTERISTIC3 OP SOFTWARWN"C PROV IDE POE DEPDITIMON AND O4PLL'.dLHT

AIGIN OP PUNCflONS 04I THE MOST NONCGMLX AND L'SDERSTAINDABLE MANNUIL

4Table 3. Software-Oriented Criteria Definitions A m -
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SURVEY RESPONSE

Respondent:

Date:___
IN

1. What is your role in the decision aid project?

%

2. How much time did you spend on this survey?

On factor goal rating? ..e

3. Are the quality factors meaningful to you? r

4. Are there other aspects of quality you would have identified? If so, what are they?

5. Were the instructions on how to specify the qualities clear? If not, which oneswere unclear? .,

6. Are quantitative guidelines needed (e.g., what reliability means in terms of a number like .95)?

7. Would guidelines that state industry averages help?

8. Do you feel both factor and criteria ratings should be included in this packet?

9. Other comments:

u . S

.. s /..,

Fiue2. Survey Feedback ,"wp,.'
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